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Preface
This book brings together a wide variety of cases involving cardiac and pulmonary
diseases, or related clinical signs, that are relevant to the practicing veterinarian.
The collection is appropriate not only for general practitioners looking for a quick
review or reference for cardiac, respiratory, and other intrathoracic disorders, but
additionally for those studying towards a higher professional qualification.
Veterinary students should also find these cases useful when preparing for
professional examinations. The book is also appropriate for veterinary technicians
and nurses studying towards further qualifications. In addition, this collection is
intended to provide an enjoyable way for practicing veterinarians to ‘test’ and
expand their knowledge of canine and feline cardiothoracic problems. 

The cases presented here largely focus on causes of respiratory distress, cough,
or other signs that mainly relate to lower respiratory, cardiac, and intrathoracic
disorders. The decision to emphasize diseases of intrathoracic structures was
intentional. While upper respiratory conditions such as nasal and nasopharyngeal
disorders clearly are important, their presenting clinical signs (e.g. nasal discharge,
stridor) are often different and tend to be more easily localizable. Many cases in
this book involve common diseases, with a focus on important principles of
diagnosis and management. Others are more challenging or unusual. Some cases
contained in this book reflect diseases (e.g. parasitic) that are common in some
geographical regions, but occur with low prevalence, or not at all, in others.
Because of their importance in areas where they do occur and the fact that the
worldwide distribution of some diseases (e.g. heartworm disease and
angiostrongylosis) appears to be increasing, it is hoped that readers living in
unaffected regions will forgive their inclusion.

The cases are ordered randomly throughout the book, as they are likely to occur
in clinical practice. The format is similar to other books in the ‘Self-Assessment’
series. The cases and related questions are presented on one page, so the reader is
encouraged to think about specific answers or management strategies before
turning the page to see the written explanations/answers (unless you peek!). A
Classification of cases, a Further reading list arranged by topic, an Appendix listing
Drugs used for cardiac and respiratory diseases, and an Index are included for
reference and to facilitate a review of specific problems and their management. It
is my hope that you, the reader, will find this book interesting and enjoyable, as
well as useful in your practice.

Wendy A Ware
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A/Ao aorta/aortic root
AV atrioventricular
BAL bronchoalveolar lavage
BP blood pressure
bpm beats per minute
CBC complete blood count
CO2 carbon dioxide
CRI constant rate infusion
CT computed tomography
DLH domestic longhair (cat)
DSH domestic shorthair (cat)
DV dorsoventral
ECG electrocardiogram
FS fractional shortening
HCO3 bicarbonate
HR heart rate
IM intramuscular
IV intravenous
IVS interventricular septum
LA left atrium/atrial
LV left ventricle/ventricular
MRI magnetic resonance imaging
O2 oxygen
PA pulmonary artery/arterial

PaCO2 partial pressure of carbon 
dioxde in arterial blood

PAO2 partial pressure of O2 in the 
alveolus

PaO2 partial pressure of O2 in 
arterial blood

PCO2 carbon dioxide partial pressure
or tension

PCR polymerase chain reaction
PCV packed cell volume
PO per os
PRN pro re nate (according to 

circumstances)
PT prothrombin time
aPTT activated partial 

thromboplastin time
RA right atrium/atrial
RNA ribonucleic acid
RV right ventricle/ventricular
SC subcutaneous
SG specific gravity
VD ventrodorsal
VHS vertebral heart size

Abbreviations

Classification of cases
Airway diseases: 5, 9, 10, 15, 16, 21,
28, 39, 40, 57, 58, 72, 96, 99, 133,
151, 164, 176, 195, 200

Cardiac arrhythmias: 4, 18, 36, 37, 38,
49, 53, 54, 67, 77, 87, 91, 113, 114,
115, 130, 135, 143, 145, 173, 181,
183, 204, 217

Cardiac valvular disease, acquired: 48,
85, 86, 127, 128, 189, 211, 214, 216

Cardiomyopathies: 18, 32, 35, 36, 47,
67, 90, 110, 117, 148, 165, 170, 171,
207, 208

Cardiopulmonary tests: 20, 24, 29, 33,
43, 53, 54, 68, 75, 102, 152, 159

Collapse or weakness: 112

Congenital malformations: 13, 26, 31,
45, 50, 63, 79, 80, 88, 92, 118, 119,
120, 121, 125, 131, 139, 146, 149,
156, 163, 174, 175, 186, 188, 203,
205, 206



6

Congestive heart failure: 73, 117, 124,
157, 171, 187, 189, 190, 205

Diagphragmatic hernia: 3, 74, 84, 98,
140

Esophageal abnormalities: 139, 191,
200

Foreign body: 103, 167, 179

Hypertension, systemic or pulmonary:
83, 129, 131, 132, 156, 201, 211

Mediastinal diseases: 52, 93, 122, 213

Miscellaneous: 14, 56, 66, 92, 101,
142

Neoplasia: 2, 6, 8, 17, 70, 71, 76, 82,
93, 94, 109, 111, 116, 122, 123, 134,
141, 142, 158, 168, 172, 192, 209,
212, 213, 219

Parasitic diseases: 27, 55, 64, 108,
136, 137, 154, 162, 185, 199, 210,
218

Pericardial diseases: 46, 69, 140, 144,
160, 161, 209, 219

Physical examination abnormalities: 7,
12, 23, 26, 41, 51, 109, 120, 198

Pleural space abnormalities (effusion
or pneumothorax): 19, 25, 30, 59, 60,
61, 78, 123, 134, 155, 193

Pneumonias and other pulmonary
diseases: 11, 22, 56, 62, 65, 81, 89,
101, 105, 106, 126, 134, 150, 153,
166, 169, 177, 184, 191, 196, 197

Respiratory signs: 1, 104, 137

Respiratory therapy: 42, 100, 215

Thromboembolic disease: 34, 97, 107,
129, 180

Toxicity: 65, 104, 138, 143

Trauma: 30, 81, 147, 178, 182, 194,
202

LF: 19, 36, 47, 50, 53, 54, 59, 60, 72,
90, 95, 99, 123, 162, 165, 166, 177,
198, 200, 211, 218

SH: 6, 10, 25, 61, 71, 78, 141, 169, 197

TM: 42, 57, 58, 66, 69, 70, 84, 118,
119, 134, 182, 213, 215

LN: 5, 13, 14, 15, 21, 34, 45, 77, 105,
106, 111, 114, 115, 126, 129, 138, 159,
163, 184, 204

ER: 3, 9, 11, 16, 17, 22, 28, 30, 39, 40,
56, 62, 65, 74, 81, 89, 93, 94, 98, 101,
108, 122, 142, 147, 155, 164, 167, 176,
178, 179, 191, 192, 193, 196, 202, 212

Contributed cases



1 A 4-year-old male Rottweiler (1) is
presented with a history of a chronic dry
cough. Lately he has become anorexic
and he now is having trouble breathing.
You observe increased respira tory rate
and effort. On auscultation you hear no
cardiac murmur, but notice increased
breath sounds and pulmonary crackles. 
i. Describe characteristics of the dog’s
appearance that indicate respiratory
distress.
ii. How can respiratory pattern help
suggest the location of disease in patients with respiratory distress? 

1

2 A 13-year-old neutered male Shih Tzu has been
coughing for the past 3 weeks, after he was at a
boarding facility for several weeks. Decreased
appetite and weight loss were noted recently.
Amoxicillin with clavulanate and hydrocodone
were prescribed elsewhere for suspected
bronchitis, but the owner has had trouble
administering the medication. The dog is quiet,
but alert and responsive. Body tem pera ture, HR,
and respiratory rate are normal. Soft pulmonary
crackles are heard over the left hemithorax.
Tracheal palpation elicits a non-productive
cough. The rest of the physical examination is
normal. Chest radiographs show a moderate to
severe bronchointerstitial pattern in the caudal
lung with alveolar infiltrates in the right cranial
lobe. Cardiac size and pulmonary vasculature are
normal. A hemogram shows mild thrombo -
cytosis, but is otherwise normal; serum
chemistries and urinalysis are unremark able.
Bronchoscopy (2a, b) and BAL are performed. 
i. What findings are shown in the broncho -
scopic images?
ii. What differential diagnoses should be
considered?
iii. How would you proceed with this case?

2a

2b
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2 i. The airways appear diffusely edematous with mild erythema consistent with
generalized bronchial inflammation. Small yellowish tan nodules are seen on some
surfaces (2b, from right cranial bronchus). 
ii. The radiographic pattern suggests pneumonia or an infiltrative inflammatory or
neoplastic disease. Given the history of boarding, infectious tracheobronchitis with
secondary pneumonia is a consideration. Small nodules within the airways most
often result from chronic inflammation and mucosal proliferation secondary to
chronic bronchitis, but neoplastic infiltration is another consideration. Nodules
found only near the carina may signal infection with the parasite Oslerus osleri in
endemic areas. This dog’s systemic signs, along with the relatively recent onset of
coughing, are not typical for chronic bronchitis.
iii. In addition to BAL cytologic analysis and culture, airway brushings and pinch
biopsy of a nodule should be obtained during the bronchoscopic procedure. If
evaluation of these samples does not yield a definitive diagnosis, lung biopsy is
recommended. In this dog, cytologic evaluation revealed mild purulent
inflammation, mild chronic hemorrhage, and variably-sized cohesive clusters of
highly vacuolated cells thought to be carcinoma cells. BAL cultures yielded no
aerobic or anaerobic growth.

1 i. His posture suggests severe respiratory distress (‘orthopnea’). Dogs with
orthopnea stand or sit with their elbows abducted (allowing full rib expansion) and
neck extended, resist lateral or dorsally recumbent positions, and are reluctant to
eat and drink or even swallow saliva (note saliva hanging from this dog’s mouth).
Dilated pupils also suggest anxiety (note tapetal reflection in photograph).
ii. Respiratory rate and character can provide diagnostic clues. Reduced lung
compliance produces a ‘restrictive’ (rapid and shallow) breathing pattern, which
minimizes the work of ventilating stiffer lungs. Exhalation or both phases may
appear labored. Pulmonary edema, other interstitial infiltrative disease (e.g. bacterial
pneumonia, as in this dog), and pulmonary fibrosis produce this pattern; inspiratory
pulmonary crackles are common. Partial lung collapse from pleural effusion or other
pleural space disease also decreases lung compliance, although large-volume effusion
can cause slow, labored inspiration with pronounced abdominal effort. 

Airway narrowing causes an ‘obstructive’ breathing pattern. Slower, deeper
breaths reduce frictional resistance and respiratory work, although respiratory rate
can be normal or increased with peripheral airway disease. The location of the
narrowing determines which phase is more labored and (often) prolonged. Lower
airway obstruction causes expiratory difficulty, sometimes with wheezing. Upper
airway obstruction produces slow or labored inspiration, with or without stridor.

8
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3 A 3-year-old female DSH cat is presented for
1 week of lethargy and increased respiratory
effort. She is at 56 days of gestation. A similar
episode occurred with the previous pregnancy
and responded favorably to antibiotic therapy.
This episode seems to be worse. Right lateral
(3a) and DV (3b) thoracic radiographs are made.
i. What radiographic abnormalities are evident?
ii. What is the radiographic diagnosis?

3a 3b

4 A 9-year-old female Dalmation is
presented because of a collapse
episode earlier in the day. She has
been less active lately and becomes
winded easily when on walks. The
dog appears anxious and slightly
tachypneic. Mucous mem branes are
pink, femoral pulses are weak and of
variable intensity, and the HR is rapid
and irregular. There is a soft systolic
murmur heard best at the right apex,
but also heard at the left apex. Lung sounds are increased. You record an ECG.
Simultaneous leads I, II, and III at 25 mm/s, 1 cm = 1 mV are shown (4).
i. What is the ECG diagnosis?
ii. How would you initially manage this case? 
iii. What do you recommend next?

4

9
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4 i. Paroxysmal ventricular tachycardia (at 300 bpm) is seen at the beginning of the
strip, just after the middle, and at the right edge. Sinus tachycardia (at 180 bpm) is
evident intermittently. Single ventricular premature complexes also occur, and are
easier to distinguish in leads I and III. The sinus complexes indicate a normal mean
electrical axis. P waves are slightly wide (0.05 second) consistent with LA
enlargement; sinus QRS complexes are also wide (~0.08 second), suggesting
myocardial disease and abnormal intraventricular conduction. Other complex
measurements are normal. Each 1 mm box = 0.04 second at 25 mm/s.
ii. IV lidocaine is the initial drug of choice for acute treatment of ventricular
tachyarrhythmias. An IV catheter is placed as soon as possible. Supplemental O2 may
be helpful. The dog should be carried/carted if it must be moved; stress should be
minimized. 
iii. Identify underlying abnormalities as soon as possible; screen for electrolyte or
other metabolic or hematologic abnormalities, obtain thoracic (and possibly
abdominal) radiographs, as well as an echocardiogram to assess cardiac structure
and function. Additional antiarrhythmic strategies are used if lidocaine is ineffective
and for long-term therapy (see Further reading). Additional therapy depends on
test results. This dog had dilated cardiomyopathy.

3  i. There is increased opacity in the ventral and right halves of the thoracic cavity.
Only a short dorsal segment of the left crus of the diaphragm is distinct; the
remainder is effaced by the increased thoracic opacity. The trachea is displaced
dorsally, but remains mid-line in the DV view. The heart is shifted dorsally and to
the left. Only the left lung lobes are well inflated with well-defined vessels. The
increased thoracic opacity is a mix of solid soft tissue or fluid and mineralized
opacity of fetal skeletal structures. A fetal skull is evident ventrally at the 5th
intercostal space and a different fetal lumbar spine crosses the pleura-peritoneal
junction ventrally. 
ii. Right-sided diaphragmatic hernia with thoracic displacement of gravid uterus
and probably liver. The degree of fetal skeletal mineralization is consistent with
late-term gestation. No signs of fetal death are evident. Ultrasound would be
valuable to determine fetal viability. In several reports, the most common organs to
be herniated through a tear in the diaphragm are liver, stomach, and small intestine.
Several case reports of diaphragmatic herniation of gravid uterus in dogs appear in
the literature.

10
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5 The owner of a 12-week-old kitten
complains of ‘noisy breathing’. The
kitten was adopted 4 weeks ago from
the animal shelter and has always made
a lot of noise with normal breathing.
However, the sound has become more
pronounced as the kitten has grown.
Breathing is especially noisy when the
kitten plays or is excited. Occasionally
the kitten gags when eating, but
otherwise has been normal. High-
pitched inspiratory stridor and exag -
gerated inspiratory effort are the most
obvious physical findings. The image
was obtained with a broncho scope
camera after heavy sedation (5; 1 – swab lifting the soft palate, 2 – soft palate, 
3 – epiglottis).
i. What abnormality is shown?
ii. What conditions could cause this?
iii. How would you manage this case?

5
1

2

3

6 A 12-year-old spayed female Springer
Spaniel develops lethargy and respiratory
distress.  Physical examina tion findings
include weakness, labored respiration,
muffled heart sounds, jugular vein
disten sion, and abdominal distension
with a pronounced fluid wave. Peri -
cardial effusion with cardiac tamponade
is suspected based on radiographic
findings and the electrical alternans
evident on an ECG. Echo cardiographic
examination is desired, but not readily available at present. In view of the patient’s
urgent status, pericardiocentesis is done to relieve the tamponade. Approximately
300 ml of red, turbid pericardial effusion is removed. The fluid is grossly bloody,
with a cell count of 6110/μl, pH of 6.4, protein content of 57 g/l (5.7 g/dl), and PCV
of 0.73 l/l (73%). A cytospin preparation of the effusion is shown (6, Wright’s stain,
50× oil).  
i. What cytologic features reveal this to be pathologic rather than iatrogenic
hemorrhage?
ii. What etiologies are most likely for the hemorrhagic pericardial effusion in this dog?

6
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6  i. The presence of phagocytized erythrocytes within the cytoplasm of
macrophages (erythrophagia) and lack of platelets in this sample are indicators of
pathologic hemorrhage.  Hemosiderin (seen in the image as deep blue-black pigment
within the cytoplasm of macrophages) is an additional indicator of pathologic
hemorrhage. Hemosiderin is an intracellular iron storage complex resulting from
erythrocyte breakdown. Hematoidin, a yellow crystal that forms secondary to
hemoglobin degradation, is another indicator of pathologic hemorrhage. 

With iatrogenic hemorrhage, platelets are present and erythrophagia is not
evident unless a prolonged time has occurred between sample acquisition and
analysis. Hemosiderin and hematoidin are not seen with iatrogenic hemorrhage.  
ii. Neoplastic effusion is most likely in a dog of this age. Hemangiosarcoma and,
less often, chemodectoma are the tumors most commonly associated with
pericardial effusion in the dog. A thorough echocardiographic examination often
reveals the mass lesion in such cases. Mesothelioma and occasionally other
neoplasms are other potential causes of pericardial effusion. Although idiopathic
pericardial effusion also occurs frequently in dogs, it usually affects younger
individuals.  In this case, hemangiosarcoma involving the right auricle was found
at necropsy.  

5  i. This image of the larynx was taken during inspiration. It shows failure of the
laryngeal arytenoid cartilages and vocal folds to abduct. This finding is the hallmark
of laryngeal paralysis. 
ii. Laryngeal paralysis was suspected to be congenital in this case. Congenital
laryngeal paralysis has been most commonly reported in dogs, especially Siberian
Huskies, Bouvier des Flandres, and Bull Terriers. Paralysis could occur as a result
of trauma to the cervical region; the earlier history in this kitten was unknown.
Acquired laryngeal paralysis usually occurs in older animals and may be idiopathic
(such as with the Labrador Retriever) or secondary to a polyneuropathy (e.g.
myasthenia gravis, hypothyroidism), anterior thoracic neoplasia, or other mass
lesion. (Note: Other potential causes for upper airway obstruction in cats include
nasopharyngeal polyp, laryngeal lymphoma, or other mass lesions.)
iii. A unilateral arytenoid lateralization surgical procedure is the best method to
alleviate the upper airway obstruction. Good results are usually obtained.
Aspiration pneumonia can sometimes be a complicating factor after repair. 

12
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7 A dog of unknown age is presented because the owner thinks its exercise
tolerance has decreased. Physical examination is unremarkable except for a
murmur, which is loudest on the left side.
i. When a murmur is auscultated, what characteristics are the most important to
identify?
ii. What are the main causes of a systolic murmur heard best over the left chest
wall?

8 An 11-year-old spayed female Cocker Spaniel
is presented for coughing episodes that began a
week ago, after a hiking trip to the mountains.
The cough is becoming more severe and is worse
in the morning and after periods of rest. The dog
was referred for suspected congestive heart
failure, but initial furosemide treatment has not
improved the cough. Prior medical history
includes a patent ductus arteriosus (closed at 
3 months of age), pyometra (resolved after spay
2 years ago), mammary gland adenocarcinoma
and mammary mixed-cell fibrosarcoma
(removed 1.5 years ago, with no evidence of
metastasis), early degenerative AV valve disease,
hypertension, and occasional second degree AV
block. She is being treated with oral cyclo -
phosphamide, piroxicam, and enalapril. A grade
1/6 systolic murmur is heard over the tricuspid
region and a clicking sound is noted on
inspiration; otherwise, the physical examination
is unremarkable. Thoracic radiographs reveal a
singular pulmonary nodule in the periphery of
the right caudal lung lobe. The nodule appears
distant to the major lobar bronchus. No other
radiographic abnormalities are evident. Bron -
choscopy is performed to evaluate the airways and collect samples for cytology and
culture. Images are from the right caudal bronchus (8a, b). 
i. Would a single peripheral lung mass be expected to cause severe paroxysmal
coughing?
ii. What other problems should be considered?
iii. What does bronchoscopy reveal?

8a

8b
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7 i. Timing (e.g. systolic, diastolic, continuous), point of maximal intensity (PMI),
and intensity (loudness) at the PMI. A murmur’s timing within the cardiac cycle
helps identify its origin. Knowing what events generate normal heart sounds (S1

and S2), and understanding the timing of systole (between S1 and S2) and diastole
(after S2 until the next S1) in each patient is important. PMI is described by the
hemithorax and valve area (or terms ‘apex’ or ‘base’) where the murmur is loudest.
Murmur intensity is usually graded on a 1–6 scale.

Grade Murmur
1 Very soft murmur; heard only in quiet surroundings.
2 Soft murmur, but easily heard.
3 Moderate intensity murmur.
4 Loud murmur, but no precordial thrill.
5 Loud murmur with palpable precordial thrill.
6 Very loud murmur with precordial thrill; also heard when 

stethoscope lifted slightly away from chest wall.
The murmur’s ‘shape’, radiation, quality, and pitch are other characteristics.
ii. Left basilar systolic murmurs usually are ejection-type (crescendo–decrescendo)
murmurs, often caused by ventricular outflow obstruction. Physiologic murmurs (as
with fever, exercise, hyperthyroidism, anemia) occur from increased ejection
velocity or turbulence. Increased flow volume can cause a murmur of ‘relative’ valve
stenosis. A soft (innocent or functional) murmur sometimes occurs in structurally
normal hearts. Mitral regurgitation produces a holosystolic (or decrescendo)
murmur loudest near the left apex. Causes include mitral degeneration, infection,
congenital malformation, and LV dilation.

8 i. Given the peripheral location of this nodule, and its apparent distance from a
major airway, the dog’s violent coughing episodes seemed unusual. Primary disease
involving a large airway was thought more likely. Therefore, bronchoscopic
examination with BAL was done prior to surgical mass removal (right caudal
lobectomy).
ii. Major airway collapse, infectious or allergic bronchitis, airway foreign body
(such as inhaled plant material), as well as neoplastic invasion of the airways. 
iii. A smooth fleshy bump is seen on the approach to the right caudal bronchus
(8a). The pale mass is seen more clearly within this bronchus (8b). Although not
evident radiographically, the pulmonary nodule had invaded the right caudal
bronchus, triggering the cough. The remaining airways were normal. Histo -
pathology of the surgically-excised mass revealed a poorly differentiated pulmonary
sarcoma. Late metastasis from the dog’s previous mammary mixed-cell fibro -
sarcoma was suspected, although a primary lung tumor could not be ruled out.

14
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10 An 8-year-old intact male Basenji is
presented for chronic coughing. A dry,
non-productive cough is observed
during the physical exami nation and is
easily elicited with tracheal palpation.
Thoracic auscultation reveals normal
heart sounds and increased breath
sounds, with pulmonary crackles heard
ventrally. A diffuse broncho interstitial
pattern is seen on thoracic radiographs.
BAL is performed. A cytospin prepar -
ation of bronchoalveolar fluid (10a,
Wright’s stain, 100× oil) and a direct
smear from BAL fluid (10b, Wright’s
stain, 20×) are shown.  
i. Describe the findings in 10a.
ii. Identify the structure visible in 10b
and describe its significance in a BAL
sample.
iii. Are additional diagnostic tests indi -
cated? If so, what would you recom -
mend?

10a

10b

9 A 16-year-old male Poodle
is referred for evalu ation of a
long-term inter mittent cough
with excitement that has been
more persistent in the last
month. Over the last several
days the dog has developed
trouble breathing, and on
presentation has dysp nea with
marked inspiratory effort and
cyanosis. An emergency lateral
radiograph is taken (9a).
i. Is a cause for the dyspnea
evident?
ii. What are the etiologic differential diagnoses?
iii. What is the explanation for the shape of the ventral thoracic-to-abdominal body
wall contour?

9a

15
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11 An 11-year-old male Collie is presented for evaluation of a lump on the nose.
Over the course of a month the lump has gone from soft to firm. Due to the older age
of the patient, right lateral (11a, c) and DV (11b) thoracic radiographs are taken for
evaluation of potential metastasis.
i. Are there findings consistent with pulmonary metastasis?
ii. How will you differentiate benign from malignant pulmonary nodules?

11a

11b 11c

17
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10  i. This sample shows eosinophilic and neutrophilic inflammation. Additionally,
two ciliated columnar respiratory epithelial cells, two alveolar macrophages, and a
mast cell are present.  
ii. The structure in this image is a Curschmann’s spiral. These form when
bronchioles become plugged with inspissated mucus. The presence of Curschmann’s
spirals in BAL samples indicates small airway disease with increased mucus
production.  
iii. Yes. Microbiological culture of the BAL sample is warranted to rule out
infectious causes of bronchitis. Heartworm and lungworm testing is also indicated
to rule out a parasitic disease, especially because eosinophilic inflammation is
present. ECG and echocardiography are useful to rule out cardiac disease (none
seen in this case). A CBC, serum biochemistry panel, and urinalysis may also
provide helpful information. In this particular case, an underlying cause was not
determined and the patient was treated for chronic bronchitis.

9  i. Yes. A soft tissue/fluid intra tracheal
opacity (mass effect), at the 1st intercostal
space, obliterates the dorsal tracheal
border and markedly narrows the lumen.
The ‘mass’ tapers at the dorsal tracheal
border, suggesting either a mural or
broad-based luminal lesion. Lung in fla -
tion is poor despite a wide tracheal dia -
meter caudal to the lesion. Because of the
diaphragmatic cupola’s marked cranio -
dorsal shift and vertical xiphoid orien -
tation, the cranioventral abdominal wall appears to be pulled into the thoracic cavity.
ii. Obstructive tracheal lesions include: mural mass (inflammatory  [e.g. polyp,
granuloma] or neoplastic); intraluminal lesion (e.g. abscess, granuloma, tracheal
parasites, foreign body); extratracheal lesion (e.g. peritracheal hemorrhage, neoplasia,
abscess, granuloma). In this dog, a thin-walled, fluid-filled tracheal cyst was excised
during emergency surgery. Postoperatively, thoracic contour is normal (9b).
iii. The diaphragm’s position and ‘sucked-in’ appearance of the xiphoid and
abdominal wall during inspiration are consistent with severe upper airway
obstruction. As external intercostal muscle contraction pulls the ribs outward,
strong negative intrapleural pressure sucks the ventral diaphragm and xiphoid
craniodorsally and mimics pectus excavatum. Such paradoxical inspiratory
movement has been reported in English Bulldogs with sleep apnea. Dorsal sternal
deflection in patients with respiratory distress should prompt investigation for
upper airway (including nasopharynx) obstruction.

9b

16

9, 10: Answers



11: Answer

18

11  i. No. Although there is a diffuse small nodular pulmonary pattern, the nodules
are all similar in size and strikingly opaque, similar to regional bone opacity. The
red arrow heads in 11d (enlargement of the cranioventral thorax) point to two
small nodules that appear summated (superimposed) with the overlying rib opacity.
One nodule (small red arrow) has a peripheral mineral opaque ring. Also, some
nodules are not spherical, but mildly irregular in shape. This is the typical
appearance of mineralized pulmonary nodules, also known as pulmonary osteoma,
heterotopic bone formation (abnormal formation of true bone within extraskeletal
soft tissues), or mineralized inactive granulomas. Although this can be seen in many
dogs, it is not uncommon in the Collie breed. It is considered an incidental finding.
There are no variably sized soft tissue nodules typical of pulmonary metastases.
ii. Without a biopsy, definitive differentiation between benign and malignant
pulmonary nodules is not possible. Repeat radiographs can be used to assess
changes in number or size of the nodules; generally, an increase in number and/or
size indicates biological activity. Malignant nodules are likely to progress more
rapidly than a benign process. Nodules static in size and number over several
months are likely inactive and benign. Untreated infectious granulomas are likely
to continue to progress. Ultimately, biopsy may be needed to make the
differentiation.

11d
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12 A 6-month-old male Lilac Point Siamese cat is presented for tiring easily and
increased breathing effort. The kitten appears alert and anxious. HR is 200 bpm,
with a regular rhythm. On auscultation, a grade 3–4/6 systolic murmur is heard,
loudest at the right sternal border; breath sounds are fairly loud. The precordial
impulse is strong bilaterally. Femoral pulses are normal. Jugular veins appear
normal. Oral examination is shown (12a, b).
i. What abnormality is evident on the oral examination?
ii. What are the potential causes of this?
iii. What tests would you do next in this case?

12a 12b

13 A routine physical examina -
tion is performed on a 1-year-old
male DSH cat that was recently
adopted from the animal shelter.
The examination is normal except
for a loud holo systolic murmur
heard best at the left cardiac apex.
This ECG is obtained (13; leads I,
II, and III at 50 mm/s, 1 cm =
1 mV).
i. Identify the HR and rhythm. 
ii. Are abnormalities of ECG
complex size or configuration present? If so, what do they suggest?
iii. What are some potential differential diagnoses for the murmur, based on the
information available?

13
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12 i. Cyanosis. The oral mucous membranes and tongue appear bluish/grayish
(‘muddy’).
ii. ‘Central’ cyanosis is associated with generalized hypoxemia; ‘peripheral’ cyanosis
refers to local hemoglobin desaturation caused by poor peripheral circulation (as
with arterial thromboembolism or cold exposure). Hypoxemia causes visible
cyanosis when desaturated hemoglobin exceeds 50 g/l (5 g/dl). Chronic arterial
hypoxemia stimulates erythropoiesis and erythrocytosis (polycythemia), which
increases blood O2 carrying capacity. In animals with normal PCV, visible cyanosis
usually indicates severe hypoxemia (PaO2 <45–50 mmHg). Polycythemic animals
can appear cyanotic with milder hypoxemia because of greater hemoglobin content.
Anemic animals may be severely hypoxemic without cyanosis. Hypoxemia and
cyanosis are difficult to detect with carbon monoxide toxicity or methemo -
globinemia because mucous membrane color is altered; even with a normal PaO2,
total blood O2 content is reduced. 

Common causes of central cyanosis include severe pulmonary or pleural space
disease, airway obstruction, pulmonary edema, hypoventilation, and right-to-left
shunting congenital cardiac defects. Exercise increases right-to-left shunting and
cyanosis because peripheral vascular resistance decreases as skeletal muscle blood
flow increases.
iii. Thoracic radiographs are indicated next. If a primary respiratory cause is not
evident, echocardiography with Doppler is indicated to evaluate for congenital
malformations. A PCV will detect erythrocytosis. 

13  i. The HR is approximately 160 bpm and the rhythm is normal sinus rhythm. 
ii. The P waves appear normal in size (0.03 s × 0.2 mV) and the PR interval is
normal (0.08 seconds). The QRS is both prolonged (0.06 seconds) and tall (2.2 mV,
lead II), which suggests LV enlargement. The QT interval is normal (~0.18 seconds).
iii. Congenital mitral valve dysplasia is a leading differential considering the
signalment, murmur location, and criteria for LV enlargement. Early onset
hypertrophic or dilated cardiomyopathy with secondary mitral regurgitation also
is possible, but is fairly uncommon at such a young age. Ventricular septal defect
(VSD) is a common congenital anomaly in the cat and usually causes LV
enlargement, but the VSD murmur typically is heard best at the right sternal border.
This cat was ultimately diagnosed with severe mitral valve dysplasia.
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15 The owner of a 9-year old male
Pomeranian-cross complains that his dog
has been coughing chronically, especially
with activity. The owner reports that the
dog is active and behaves normally. The
cough is described as a loud, hacking
sound. A grade 2/6 holosystolic murmur is
heard at the left apex, consistent with mitral
valve regurgitation. Thoracic radio graphs
reveal mild LA enlargement and no
evidence of congestive heart failure. Bron -
choscopy is done; the tracheal bifurcation
region is shown in the image (15).
i. Describe the bronchoscopic findings. 
ii. What can cause this? 
iii. How should this case be managed?

15

14 The owner of a 14-year-old Scottish
Terrier requests removal of a small
eyelid growth on her dog. During the general physical examination a holosystolic
murmur is ausculted at the left cardiac apex consistent with mitral valve
regurgitation. Radiographs (14a, b) are taken to estimate the severity of mitral
regurgitation prior to anesthesia for eyelid growth removal. No cardiopulmonary
clinical signs have been noted.
i. What is your assessment in this case, and is there evidence for a mass lesion? 
ii. How would you clarify this?

14a 14b



15  i. The lumen of the left main bronchus appears narrower than the right. The
tissue appears undulating and redundant and it ‘sags’ into the bronchial lumen.
ii. Bronchial ring weakening with mucosal membrane redundancy can occur as a part
of the tracheal collapse complex. Classically, the cervical and/or thoracic trachea are
affected; redundant membranes may be obvious on radiographs as the dorsal
trachealis membrane sags into the tracheal lumen. When bronchial airways are
affected (alone or with tracheal collapse), their radiographic appearance may be
normal. Bronchoscopy or fluoroscopy may be needed to diagnose bronchial collapse.
In some cases, airway collapse is caused by external compression from a mass lesion
or severe LA enlargement. The LA was not considered large enough to cause
compression in this dog.
iii. Airway collapse is usually managed medically. This often consists of a cough
suppressant to reduce coughing ‘fits’ (which stimulate local inflammation), exercise
restriction, and weight reduction in obese patients (to reduce intrathoracic pressure
and compression). Bronchodilators, sometimes with short-term corticosteroid use,
can help, especially if small airway disease is concurrent. In severe cases, where
complete airway collapse leads to life-threatening hypoxia, stents may be implanted
to maintain airway patency.

22
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14  i. There is equivocal evidence of LA
enlargement on these films. The cardiac
silhouette is primarily affected by the chest
conformation in this dog (short and wide
thoracic cavity) leading to an overall initial
appearance of a larger cardiac silhouette. The
VHS is only mildly increased (VHS 10.7 v).
The pulmonary vessels appear normal in size.
There is a mild increase in broncho interstitial
markings that is often identified in older dogs.
The mitral regurgitation ausculted in this case
would be assessed as hemodynamically mild at
this time. There is a curious rightward bowing
of the distal trachea before the main bronchial
branches on the DV projection. The cranial mediastinum is slightly wide on this view,
which could be suspicious for a mass lesion. However, the lateral view does not suggest
tracheal deviation or an obvious increase in soft tissue opacity in this region.
ii. The trachea is a dynamic structure and its position will often shift rightward
with cervi cal ventroflexion in the dog. Repositioning the dog with the neck
extended while repeating the radiographs will often clarify ‘dynamic trachea versus
mass lesion’ (14c). 

14c
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16 A 2-year-old neutered male Brittany is presented after 4 weeks of productive
coughing. A 2-week course of antibiotic therapy for suspected pneumonia has had
no effect. CBC reveals 38,800/μl WBCs, with 24,900/μl neutrophils, 1,880/μl
lymphocytes, 287/μl monocytes, and 11,800/μl eosinophils. Thoracic radiographs
are made (16a, b).
i. What pulmonary pattern is present?
ii. What are the etiologic differentials for this pattern in the dog?
iii. What additional diagnostic tests should be done?

16a

16b
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16  i. Mild diffuse bronchial pattern with a focal mass in the right dorsomedial
caudal lung lobe.
ii. Evaluation of bronchial wall features is important when bronchial shadows are
prominent. In dogs, thin and well-defined walls are most likely related to
calcification, considered to be an aging change without clinical significance. If the
walls are thickened, with both inner and outer surfaces reasonably well defined,
chronic inflammation is most likely; etiologic differentials should include allergic
response, inhaled irritants (smoke), parasitic inflammation, and eosinophilic
infiltrates. Thickened bronchial walls with a well-defined internal border and a
hazy loss of the external border has been referred to as peribronchiolar cuffing
(arrow, 16c); differentials for this effect include edema, eosinophilic infiltrates, and
bronchopneumonia. 
iii. The eosinophilia in this case suggests a hypersensitivity response. Fecal
examination for parasites and heartworm testing should be done, although the
intensity of eosinophilia is unusual. If negative, bronchoscopy and BAL with
cytologic examination and culture should be considered. However, eosinophilic
bronchopneumopathy (pulmonary infiltrates with eosinophils) often remains of
undetermined etiology, as was the case with this dog. The mass effect in this dog
may represent an eosinophilic granuloma or abscess. Further evaluation was not
permitted.

16c



17a

17b

17 A 10-year-old spayed female Toy Poodle is presented for a 1-month history of
a dry hacking cough throughout the day and night. She is otherwise healthy.
Physical examination is normal. Thoracic radiographs (17a, b) are made.
i. What is the major finding?
ii. What are the differential diagnoses?
iii. What would the relevance of CT imaging be for a patient such as this?

25
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17  i. There is a spherical soft tissue/fluid opacity mass within the hilar region of the
left caudal lobe. It is approximately two intercostal spaces wide, with discrete
margins except for its cranioventral axial border. Other thoracic structures are
unremarkable.
ii. The most common cause of a single lung mass in the dog is primary lung tumor.
Other differentials include granuloma, abscess, and cyst.
iii. Although the tumor’s histopathologic grade is important for making a prognosis,
so too is identification of regional lymph node enlargement and involvement of
other lung lobes. CT imaging has greater sensitivity for detecting both tracheo -
bronchial lymphadenomegaly and pulmonary metastasis than radiography. It can
also help with any surgical planning (17c, d). Bronchoalveolar carcinoma was
diagnosed in this case.

17: Answer
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19 A 12-year-old male Greyhound has had recurrent respiratory distress episodes
over the past month. The dog appears quiet, but fully responsive. Muffled heart
and lung sounds are heard on thoracic auscultation. Chest percussion reveals a
bilateral horizontal line of dullness. Jugular veins are distended. Brief thoracic
ultrasound indicates pleural effusion and mild pericardial effusion. Thoracocentesis
yields 400 ml of clear yellow fluid: SG, 1.020; total protein, 24 g/l (2.4 g/dl);
albumin 15 g/l (1.5 g/dl); globulin 9 g/l (0.9 g/dl); alb/glob ratio, 1.67; cytologic
examin ation, moderate cellularity (WBC count 60/μl) with excellent cell
preservation, mixed cell population with numerous small lymphocytes, occasional
neutrophils and a large population of foamy activated macrophages, scattered
erythrocytes are seen, many macrophages show erythrophagia; occasional reactive
mesothelial cells, but no overtly neoplastic cells are noted; there is a lightly
basophilic proteinaceous background; enrichment culture and Actinomyces/
Nocardia culture results are both negative.

Serum biochemistry shows mildly increased cholesterol (8.2 mmol/l
[316.6 mg/dl]; normal 3.8–7.0 mmol/l [146.7–270.3 mg/dl]), urea (11 mmol/l
[30.8 mg/dl]; normal 2–9 mmol/l [5.6–25.2 mg/dl]), and creatinine (176 μmol/l
[2 mg/dl]; normal 27–124 μmol/l [0.3–1.4 mg/dl]), and moderately low albumin
(15 g/l [1.5 g/dl]; normal 22–35 g/l [2.2–3.5 g/dl]); in-house ‘dipstick’ urinalysis
(free-catch) shows marked proteinuria.
i. What type of fluid was drained from this patient?
ii. What are the differential diagnoses for this type of effusion?
iii. What additional tests would be indicated?

18 A 3-year-old male Doberman Pinscher is
presented for anorexia, weak ness, and
coughing of 10-day duration. The dog is
lethargic and tachypneic. Mucous mem -
branes are pale pink, with slightly slow
capillary refill time. The HR is irregular and
rapid. Pulses are weak and variable. The
jugular veins are normal. There is a soft
systolic murmur at the left apex. Thoracic
radiographs indicate cardiomegaly with a
moderate amount of pulmonary edema. An
ECG is recorded (18, simultaneous leads I,
II, and III at 25 mm/s, 1 cm = 1 mV).
i. Describe the ECG findings.
ii. What is your assessment of this dog’s
problems?
iii. What are your initial therapeutic goals?

18
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19  i. Fluid analysis suggests a longstanding transudate, which has attracted
inflammatory cells into the pleural space (‘modified transudate’).
ii. Differential diagnoses include congestive heart failure, neoplasia, and thoracic
organ injury such as diaphragmatic hernia or lung lobe torsion. Hypoalbuminemia
(reduced oncotic pressure) exacerbates transudative effusions. Elevated central
venous pressure and distended jugular veins can occur with large-volume pleural
effusion as well as from right-sided heart failure or inflow obstruction. 
iii. Urine protein/creatinine ratio should be measured on a cystocentesis sample; it
was 2.7 in this case, indicating a protein losing nephropathy. Urine culture was
negative. Renal biopsy would provide histologic diagnosis. Post-thoracocentesis
radiographs and echocardiography are also advised to screen for cardiac or other
intrathoracic disease.

18 i. The HR is 200 bpm. The rhythm is atrial fibrillation (AF). Mean electrical axis
is normal (~90°). Chaotic atrial electrical activation characterizes AF. There are no
P waves because organized atrial depolarization is absent. Irregular ECG baseline
undulations (fibrillation or ‘f’) waves occur instead. The ventricular rate is always
irregular and often rapid, depending on AV conduction velocity and recovery time.
QRS complexes usually appear normal with AF (unless abnormal intraventricular
conduction coexists); minor variation in QRS amplitude is common.
ii. Clinical signs suggest pulmonary congestion and low cardiac output. Dilated
cardiomyopathy is likely, although longstanding congenital disease affecting the
left heart is possible. Atrial dilation predisposes to AF. AF can precipitate congestive
failure with underlying cardiac disease. Advancing heart disease increases
sympathetic activation, which accelerates AV conduction and ventricular rate. The
disorganized atrial activation of AF prevents effective atrial contraction, which is
especially important for optimal ventricular filling at high HRs. Therefore, onset of
AF with uncontrolled ventricular rate (and loss of the ‘atrial kick’) impairs
ventricular filling, reduces cardiac output, and promotes congestion. 
iii. Rapidly reduce HR to improve cardiac filling and output (IV diltiazem) and
improve oxygenation (IV furosemide, supplemental O2). Further assessment and
therapy should follow.
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20 A 9-year-old 6 kg (13.5 lb) male neutered
mixed breed dog is presented for a routine geriatric examination. No problems are
reported at home. Physical examina tion is normal except for a soft systolic murmur
heard best at the left apex. Early degener ative valve disease is suspected. Lateral
(20a) and DV (20b) chest radio graphs are obtained.
i. What is a ‘vertebral heart score’ (VHS)?
ii. How is VHS calculated?
iii. What is a normal VHS?
iv. Can the VHS be used in cats?

20a 20b

21 An 11-year-old female DSH cat is presented for cough and intermittent open-
mouth breathing. The coughing began several months ago. During the coughing
and breath ing ‘spells’, she would extend her head parallel to the ground. Otherwise,
the cat seems normal. An ECG is recorded (21; leads I, II, and III at 25 mm/s, 1 cm
= 1 mV).
i. What is your ECG interpretation? 
ii. Why do the QRS complexes occur irregularly? 
iii. What is the clinical significance, if any?

21



20 i. VHS measures cardiac size
compared to vertebral length. Because
correlation between body length and
heart size is good despite chest con -
formation, this relationship can help
identify and quantify cardiomegaly.
ii. On the lateral radiograph, measure
cardiac long axis (1) from ventral border
of the carina (left mainstem bronchus
origin) to cardiac apex (20c). Measure
short axis (2) perpendicular to L within
the central one-third of the heart (at
greatest cardiac width). Compare both 1
and 2 lengths with the thoracic spine beginning at the cranial edge of T4. Estimate
each length to the nearest 0.1 vertebra (v); their sum is the VHS. In this dog, VHS
is 10.2 v.
iii. A VHS between 8.5 and 10.5 v is normal for most dogs, but some breed
variation exists. For example, in dogs with a short thorax (e.g. Miniature
Schnauzers) an upper limit of 11 v is considered normal; up to about 9.5 v is normal
in dogs with a long thorax (e.g. Dachshunds). 
iv. Yes. Feline normal VHS on lateral view is 6.7 to 8.1 v (mean, 7.5 v). The DV/VD
view can also be used in cats: an S dimension up to 4 v is normal (measured from
T4 on lateral view).

20c

21  i. The rhythm is sinus arrhythmia, with a HR of ~200 bpm. The mean electrical
axis and complex measurements are normal.
ii. Sinus arrhythmia is the result of waxing and waning parasympathetic tone. Sinus
arrhythmia is a common finding in normal dogs, but is not usually seen in the
clinical setting in cats. Even though sinus arrhythmia may be noted in calm, resting
cats, its presence in an excited cat (e.g. in the clinic) is often a result of elevated
parasympathetic tone.
iii. Diseases that are associated with high parasympathetic tone generally involve the
respiratory, gastrointestinal, or central nervous systems. The sinus arrhythmia in
this cat is likely secondary to the respiratory disease (presumably feline asthma,
although heartworm disease and pulmonary parasites would also be likely
differentials in some regions). The sinus arrhythmia itself is of no clinical concern.
This rhythm should be differentiated from other irregular heart rhythms such as
frequent premature beats or atrial fibrillation. (Note: Cough is rarely a sign of
congestive heart failure in cats.)
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22 A 2-year-old spayed female Shih Tzu from
the American midwest is presented for a 
2-month history of intermittent lethargy,
anorexia, weight loss, and recent bouts of
vomiting and diarrhea. She appears depressed
and thin. Physical examination findings include fever (40°C [104°F]), mild
tachypnea (52 breaths/min), pale mucous membranes, multiple enlarged peripheral
lymph nodes, and hepatosplenomegaly. Right lateral (22a) and DV (22b) views of
the thorax are obtained.
i. Is there thoracic lymphadenopathy?
ii. Is there an abnormal lung pattern?
iii. What is your radiographic diagnosis?

22a 22b
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23 A 4-year-old spayed female German Shepherd Dog has a recent history of
weakness, with a possible syncopal episode. The owners say she started slowing
down a couple weeks ago. She is taking no medications. The dog is alert and in
good body condition. Body temperature is normal, as are respiratory rate and effort.
The jugular veins are not distended, but occasional strong jugular pulsations are
seen at a rate slower than the HR. Thoracic auscultation is unremarkable except for
a slow, regular heart rhythm of 50 bpm. Femoral pulses are quite strong. 
i. What differentials should be considered for the bradycardia?
ii. Would strong femoral pulsations be expected in this case?
iii. Does the intermittent jugular venous pulse provide a diagnostic clue? If so, how?
iv. What test should be done first?
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22  i. There is no increased soft tissue volume in the areas of the sternal, cranial
mediastinal, and tracheobronchial lymph nodes. Given the peripheral lymph node
enlargement, radiographic and ultrasonographic evaluations of the thorax and
abdomen are relevant to screen for other lymphadenomegaly.
ii. There is a diffuse unstructured interstitial pattern. This increases the overall
opacity of the lung and makes the vascular edges less distinct as the contrast
between vessel border and aerated lung is decreased.  
iii. The unstructured interstitial pattern is non-specific; etiologic differentials could
include lymphoma or other neoplasia, mycotic pneumonia, diffuse hemorrhage,
and fibrosis. Lymphoma is a strong consideration in view of  the lymphadenopathy
and hepatosplenomegaly. However, these signs, along with the fever, interstitial lung
pattern, gastrointestinal signs, and weight loss, suggest disseminated mycotic
infection. A fine needle aspirate of the popliteal lymph node revealed a reactive cell
population with Histoplasma capsulatum organisms phagocytized by macrophages.

23 i. Regular bradycardia at this HR is most likely an idioventricular escape
rhythm, which usually accompanies complete (third degree) AV block, although
sinus arrest or persistent atrial standstill are less common possibilities. Other causes
of bradycardia usually produce an irregular rhythm, either because of intermittent
AV block or fluctuations in sinus activation rate (e.g. sick sinus syndrome, markedly
increased vagal tone, or slow sinoventricular rhythm from hyperkalemia). Normal
dogs can have slow HRs at rest, but do not show clinical signs of low cardiac output
with activity.
ii. Yes. Perception of arterial pulse strength depends largely on the difference
between arterial systolic and maximal diastolic pressure (the ‘pulse pressure’). A
longer time between heart beats allows diastolic pressure to fall lower and cardiac
filling to increase. This produces a greater stroke volume and wider (increased)
pulse pressure. 
iii. Bounding jugular pulse waves associated with only intermittent heart beats occur
when atrial and ventricular contraction happens simultaneously (AV dissociation).
These so-called cannon ‘a’ waves occur when the atria contract against closed AV
valves, causing retrograde flow (toward the vena cavae and jugular veins). Complete
AV block with a ventricular escape rhythm is the most common cause.
iv. An ECG.



24, 25: Questions

33

24 A 4-month-old female DSH kitten has exercise
intolerance and respiratory difficulty. A loud systolic
murmur was found when the kitten was initially seen
by a veterinarian 2 months ago, but the murmur is
softer now. You suspect a congenital heart defect.
Among other tests, an ECG is recorded (24a, leads as
marked, 25 mm/s, 1 cm = 1 mV).
i. What is the HR and cardiac rhythm?
ii. Is the mean electrical axis (MEA) normal? 
iii. What is a MEA?
iv. How is MEA determined?

24a

25 A 7-year-old castrated male DSH cat
is presented for weight loss, lethargy,
and breathing difficulty. Physical
examination findings include tachy -
cardia, mild depression, labored respir -
ation, and increased respiratory sounds
that are more pronounced during
expiration. Pleural effusion is noted on
thoracic radiographs. Approxi mately
200 ml of milky white fluid is removed
via thoracocentesis. A sample of the
fluid is shown (25, cytospin preparation,
Wright’s stain, 50× oil).
i. Based on the gross description and cytologic appearance, what type of pleural
effusion is suspected in this case?
ii. What laboratory tests would help confirm the diagnosis?

25
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24 i. 210 bpm, normal sinus rhythm. 
ii. No. The MEA is deviated right -
ward and cranial.
iii. MEA describes the average direc -
tion of ventricular depo lariza tion.
Major intra ventri cular conduc tion
disturb ances or ventricular en large   -
ment can cause an abnormal MEA. 
iv. By convention, only frontal plane
leads are used to estimate MEA. The lead axis orientation is defined by degrees
(from 0 to ±180°) around a circle (24b). Note that the positive pole of leads aVR
and aVL lies on the ‘negative’ side of the circle. Highlighted sectors indicate normal
MEA ranges. MEA can be estimated by either of these methods:
• Identify the lead with the tallest R (positive) wave. The MEA points toward

the positive electrode of this lead.
• Identify the lead with the most isoelectric QRS (positive and negative

deflections). Find the perpendicularly oriented lead on the diagram. If the QRS
in this perpendicular lead is mostly positive, the MEA points toward this lead’s
positive pole; if it is mostly negative, the MEA points toward the negative
pole. If all leads appear isoelectric, the MEA is indeterminate.

24b

25  i. This fluid appears to be chyle. Chylous effusions contain chylomicrons and are
classically milky white on gross examination; they may acquire a pink tinge if
hemorrhage has also occurred. Cytologically, chyle typically contains mostly small
lymphocytes, with varying numbers of non-degenerate neutrophils and large mono -
nuclear cells, which often contain clear cytoplasmic vacuoles from phagocytized
lipid. The fluid in this case also shows nucleated cells that are predominantly small
lymphocytes, with lesser numbers of non-degenerate neutrophils and macrophages
(containing numerous small, clear cytoplasmic vacuoles).

Chylous effusions can accumulate secondary to a variety of conditions, including
cardiac failure, trauma, thoracic neoplasia or infection, and chronic cough.  
ii. Confirmation that an effusion is chylous is based on comparison of the
triglyceride and cholesterol content of the effusion with the corresponding
concentrations in serum. Chylous effusions have triglyceride concentrations
exceeding those in serum by a factor of >3:1. The cholesterol:triglyceride ratio in
chylous fluid is <1.  

Pseudochylous effusion also occurs and is defined as a milky white, turbid fluid
that lacks chylomicrons. The milky white appearance of pseudochylous effusion is
related to the degradation of cellular membranes, with a high concentration of
cholesterol but low concentration of triglyceride.  

Dog                                  Cat
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26 A 7-year-old female DSH cat is
presented for further evaluation of
pleural effusion. She is mildly tachypneic
with increased respiratory effort. Her
abdomen is distended with fluid. Lung
sounds are muffled ventrally. HR is
220 bpm. A grade 3/6 systolic murmur
is heard best at the right apex. After
130 ml of modified transudate are
withdrawn by thoracocentesis her
respiratory rate and effort improve;
abdominocentesis yields 250 ml of
similar fluid. An area over the jugular
vein is shaved before venipuncture
(26a). Echocardiography is done (26b,
M-mode, ventricular level; 26c, color
flow, right parasternal long axis in systole; 1 – RV, 2 – LV, 3 – RA, 4 – LA).
i. What is the significance of the physical finding shown in 26a?
ii. How would you interpret the echo images?
iii. What are your treatment recommendations at this time?
iv. How would you manage long-term therapy in this cat?

26a 26b

26c

27 What is the recommended treatment for heartworm disease (HWD) in the dog? 
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26 i. Usually, increased right heart filling pressure causes jugular venous distension,
but venous obstruction from cranial vena cava thrombosis or a cranial mediastinal
mass can also cause distension. When both pleural and abdominal effusions of
modified transudate exist, jugular distension is a strong indicator of underlying
right heart failure, cardiac tamponade, or uncommonly, pericardial constrictive
disease.
ii. There is marked RV and RA dilation consistent with chronic volume overload;
the LV looks small. 26c also shows severe tricuspid regurgitation. Considerations
include longstanding congenital tricuspid dysplasia or feline arrhythmogenic RV
cardiomyopathy, although arrhythmias or focal RV wall abnormalities were not
noted in this cat. Additional views would help further evaluate tricuspid apparatus
structure (thickened leaflets were observed here).
iii. Congestive heart failure therapy is indicated, including furosemide, an
angiotensin-converting enzyme inhibitor, and pimobendan; spironolactone may also
be helpful. 
iv. Parameters to monitor include renal function, serum electrolytes, BP, respiratory
rate and effort, and cardiac rhythm. Drainage of recurrent pleural effusion and
intensified diuretic therapy may become necessary. Either atrial or ventricular
tachyarrhythmias are likely to develop and may require additional therapy. A diet
liked by the cat should be fed (ideally one reduced in salt).

27 Melarsomine dihydrochloride. ‘Standard’ therapy (2.5 mg/kg via deep epaxial
lumbar intramuscular injection; repeat in 24 hours on opposite side) can be used in
dogs with low risk for post-treatment pulmonary thromboembolism (i.e. class 1
disease; PTE). However, an alternative protocol is currently advised for all HW-
positive dogs, not just those with more severe disease. The alternative protocol (one
dose initially, then 4–6 weeks later, ‘standard’ adulticide therapy) reduces the risk
of fatal PTE from sudden heavy worm kill. Strict rest for 4–6 weeks after therapy
is important. If possible, prior treatment with a monthly HWD preventive drug and
doxycycline (10 mg/kg q12h for 4 weeks; for Wolbachia organisms) is also
suggested. Dogs with caval syndrome are not given adulticide until after worms are
surgically removed. 

If Melarsomine is currently unavailable, the American Heartworm Society
recommends:
• Limit the infected dog’s activity to reduce lung pathology.
• Carefully initiate preventative therapy.
• Administer doxycycline (protocol as above; repeat every 3 months until

adultcide is available) to reduce pathology and infective potential of the
worms. 

See www.heartwormsociety.org for more information
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28 A 9-year-old neutered male DSH cat is
presented for respiratory distress. There is a 
5-year history of open-mouth breathing when
the weather is hot and humid. The cat has not
been receiving any medications. This most recent episode of respiratory distress
appears to have responded to furosemide administration. A grade 2/6 systolic heart
murmur is heard best at the left sternal border and more softly on the right.
Thoracic radiographs (28a, b) are made.
i. What are the clinical differentials to be evaluated by the radiographic study?
ii. What radiographic changes are present?
iii. Are the radiographic changes more supportive of cardiac or pulmonary disease?
iv. What diagnostic procedure(s) should be done next?

28a 28b

29 A 10-year-old male neutered German
Shorthair Pointer (29) is presented
because of poor exercise tolerance when
hunting and recent abdominal swelling.
The dog is alert. Abnormal examination
findings include ascites, ventrally
muffled lung sounds, a soft left-sided
systolic murmur, and dental disease. It is
unclear whether jugular vein distension
is present. Chest radiographs show
equivocal cardio megaly and moderate
pleural effusion.
i. Would central venous pressure (CVP) measurement be useful in this case?
ii. What is CVP, and how is it measured?
iii. What can confound accurate CVP measurement?

29
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29  i. Yes. An elevated CVP suggests that right heart failure or pericardial disease
(tamponade or constriction) underlies the effusions. 
ii. CVP measures systemic venous (and right heart filling) pressure. Intravascular
volume, venous compliance, and cardiac function influence CVP. Normal CVP is 
0–8 (to 10) cmH2O; respiration causes minor fluctuations. To measure CVP,
aseptically place a jugular catheter that extends into or close to the RA. Connect it
with extension tubing and a three-way stopcock to a fluid administration set. Attach
a vertically-oriented water manometer to the stopcock; position the stopcock
(representing 0 cmH2O) at the (horizontal) level of the patient’s RA. Turn the
stopcock off to the animal, so the manometer fills with fluid. Then turn the
stopcock off to the fluid reservoir, allowing fluid in the manometer to equilibrate
with CVP. Take repeated measurements, with manometer and patient in the same
position, during exhalation. 
iii. Large-volume pleural effusion raises intrapleural pressure and, thus, CVP. Such
effusions should be drained before measuring CVP. Inaccurate readings can also
occur when the catheter tip is not within the RA or proximal vena cava, the
stopcock is not at RA level, and body position varies.

28  i. Clinical differential diagnoses involving the thoracic cavity in this patient
should include cardiac disease (e.g. hypertrophic or other cardiomyopathy, or
previously undiagnosed congenital malformation) with congestive heart failure,
pleural effusion (of any cause), and pulmonary diseases such as pneumonia and
feline asthma.
ii. Moderate generalized cardiomegaly with a large LA is evident without associated
enlarged pulmonary vessels. A diffuse bronchial pattern is also present. Pleural
effusion is not evident.
iii. The radiographic cardiomegaly (VHS ~9.3 v) indicates cardiac disease. However,
the pulmonary changes are more typical of chronic bronchial disease than
pulmonary edema of congestive heart failure.
iv. The cardiomegaly and murmur indicate the need for additional cardiac
assessment by echocardiography; in this case, hypertrophic cardiomyopathy with
mild LV outflow tract obstruction was found. However, because of the diffuse
radiographic bronchial pattern, further assessment for airway disease by
hematology, heartworm testing, fecal examination, and BAL were recommended.  
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31 A young dog is presented for surgical repair of
a patent ductus arteriosus. A left thoracotomy
exposes the region of the heart base and proximal
great vessels. The surgical field is shown before the
pericardium is incised (31). Cranial is to the left
in the image.
i. What is the dark elongated structure overlying
the heart?
ii. Where does it terminate?
iii. What clinical signs does it cause?

30 A 5-year-old male Chihuahua is referred as an
emergency several hours after having been bitten
by a larger dog. The primary veterinarian
provided some initial stabilization including
placing a bandage over deep bite wounds on the
thorax. There is subcutaneous crepitus and the
dog is tachypneic, tachycardic, and has decreased breath sounds on the right side.
The body temperature is 37°C (99°F). Right lateral (30a) and DV (30b) thoracic
radiographs are taken.
i. Does this dog have a pneumothorax? 
ii. What are the types of pneumothorax?
iii. What are the mechanisms of pneumomediastinum?

30a 30b

31
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31 i. A persistent left cranial vena cava. This vessel is a remnant of the embryonic
left cranial cardinal vein, which drains blood from the cranial part of the embryo
in parallel with the right cranial cardinal vein. During normal development, the left
cranial cardinal vein degenerates and disappears as an anastomosing vein (the left
brachiocephalic vein) develops to carry venous blood from cranial left structures to
the right cranial cardinal vein (which becomes the right brachiocephalic vein and
cranial vena cava).
ii. The persistent left cranial vena cava courses lateral to the left AV groove and
joins the great cardiac vein caudally to empty into the coronary sinus of the caudal
RA.
iii. It causes no clinical signs, but may complicate surgical exposure of other
structures at the left heart base.

30  i. Yes. Soft tissue opacity in the right hemithorax, in the shape of collapsed lung
lobes, is displaced from the thoracic wall. There are no vascular shadows in the
right hemithorax. Radiographic detection of pneumothorax can be difficult with
concurrent pneumomediastinum and subcutaneous emphysema, as here, because of
the summation effect of subcutaneous air pockets. Look for increased lung soft
tissue opacity, with distinct separation from the thoracic wall, rather than only
regions of lucency.
ii. Pneumothorax is classified as ‘open’ or ‘closed’ and ‘non-tension’ versus ‘tension’.
With open pneumothorax, air enters the pleural space through a hole in the thoracic
wall. The thoracic wall is intact with closed pneumothorax; free air leaks from the
lung. Tension pneumothorax results from progressively increasing intrapleural
pressure, similar to a one-way valve allowing air into the pleural space with each
breath, without escape. Increasing intrapleural pressure compresses the lung and
vasculature, leading to critical cardiopulmonary compromise. Non-tension
pneumothorax does not cause a progressive increase in intrapleural free air and
pressure. 
iii. Pneumomediastinum develops from: pharyngeal, laryngeal, tracheal, or
esophageal disruption; wounds involving cervical fascial planes; and peri -
bronchiolar dissection of air within the lung to the pulmonary hilus. Pneumo -
mediastinum is usually secondary to trauma or, occasionally, to infection with
gas-forming organisms. Because the mediastinum communicates with cervical
fascial planes, air can dissect in either direction. Pneumomediastinum can lead to
pneumothorax if the mediastinal pleura ruptures; however, pneumothorax does not
cause pneumomediastinum. 
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32 A 9-year-old spayed female Dobermann is
presented for poor exercise tolerance, inap -
petence, and recent respiratory distress. She
appears alert and well fleshed. HR is 
160 bpm, sinus rhythm. A grade 2/6 systolic
murmur and S3 gallop sound are heard at the left apex. Breath sounds are harsh, but
no crackles are heard. The rest of the examination is unremarkable. Lateral (32a)
and DV (32b) chest radiographs are obtained.
i. Describe the radiographic findings.
ii. What is the most likely diagnosis?
iii. How would you proceed with this case?

32a 32b

33 A 6-year-old male DSH cat is examined for recent onset of poor appetite, hiding,
and increased vocalization. The owner says the cat seems to spend more time than
usual at the litterbox. The cat appears lethargic; mucous membranes are pink and
pulses strong. The abdomen is tense and painful on palpation; a large bladder is
noted. HR is 120 bpm. A lead II ECG is recorded (33, 25 mm/s, 2 cm = 1 mV).
i. What is your ECG interpretation?
ii. What is your assessment of this case?
iii. How would you treat this cat?

33
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32 i. The vertical orientation of the cardiac silhouette is typical for Dobermanns.
However, cardiomegaly (VHS ~12.1 v), with moderate LA and LV enlargement, is
evident. Peribronchial and mild hilar interstitial pulmonary infiltrates are present.
ii. Dilated cardiomyopathy, with early congestive heart failure (pulmonary edema).
iii. Additional baseline data, to confirm the diagnosis and identify concurrent
abnormalities, would include an echocardiogram, ECG, BP measurement, serum
biochemistries, CBC, and urinalysis. Therapy with furosemide, pimobendan, and an
angiotensin-converting enzyme inhibitor is indicated. Furosemide dosage is titrated
as needed to control edema. Other therapy that may be helpful could include spirono -
lactone, a low-dose beta blocker (e.g. carvedilol; after pulmonary edema is resolved),
and fish-oil (omega-3 fatty acid) supplement. Although few Dobermanns show
marked clinical improvement to oral L-carnitine supplementation, a 3- to 6-month
therapeutic trial is reasonable. Monitoring patient cardiopulmonary and metabolic
status is important. Azotemia, hypotension, electrolyte disturbance, and refractory
pulmonary edema are comon. Cardiac arrhythmias, especially ventricular tachy -
arrhythmias and atrial fibrillation, often develop and require antiarrhythmic therapy.  

Discussions with the owner about exercise and dietary salt restriction,
monitoring resting respiratory rate, potential complications, and the relatively poor
long-term prognosis with strong possibility of sudden death are important.

33 i. HR is 120 bpm. P waves are absent, QRS complexes are wide (0.06–0.07
seconds), and T waves appear tented. Sinoventricular rhythm is most likely. Other
rhythm differentials could include either sinus arrest, sinoatrial block, or atrial
standstill with a ventricular (or junctional, with aberrant intraventricular conduc -
tion) escape rhythm.
ii. Presumptive diagnosis is urethral obstruction with severe hyperkalemia-induced
ECG abnormalities; (K+ was 10.2 mmol/l [10.2 mEq/l] in this cat). Hyperkalemia
slows conduction velocity and alters refractory period. Experimental studies
describe ECG changes associated with progressive hyperkalemia: T waves become
narrow and sometimes symmetrically peaked (tented; serum K+ ≥6 mmol/l); P waves
flatten (K+ ~7 mmol/l) then disappear (K+ ≥8 mmol/l), producing a so-called
sinoventricular rhythm; QRS complexes widen (K+ >6 mmol/l); abnormal rhythms
can occur (K+ >10 mmol/l), with eventual asystole. However, with clinical
hyperkalemia, these changes occur inconsistently, perhaps because of additional
electrolyte derangements and acidosis.
iii. Regular insulin (0.25–0.5 U/kg IV) with glucose (2 g/U insulin, diluted to a 10%
solution) is recommended for severe hyperkalemia from feline urethral obstruction.
Once the obstruction is relieved, subsequent fluid therapy should include 2.5–5%
dextrose. Sodium bicarbonate (1–2 mEq/kg, slow IV) could provoke hypocalcemia
in cats with urethral obstruction and hyperphosphatemia.
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34 An owner returned home to find her
indoor cat breathing rapidly and
markedly lame in both hindlimbs. The
cat is an 8-year-old neutered male DLH
mix. The cat can advance the right
hindlimb, but cannot place the foot in a
plantar position. The left limb is dragged
behind. This image (34a) was taken
during examination of the hindlimbs
(right paw is to the left).
i. What condition is present?
ii. How could this lesion be confirmed? 
iii. What underlying diseases are commonly associated with this?

35 An 8-year-old male neutered DSH cat is
brought in for routine health check and
vaccinations. No problems have been
noticed by the owner. Physical examination
is unremarkable except for a grade 2/6
systolic murmur at the cranial left sternal
border. Lateral (35a) and DV (35b) thoracic
radiographs are obtained.
i. Describe the radiographic findings.
ii. What are your differential diagnoses?
iii. What are your recommendations to the owner?

35a 35b

34a



34  i. Feline arterial thrombo embolism
(ATE) or saddle thrombus of the
terminal aorta. The right hind foot pad
appears pink and the toes are splayed,
suggesting some residual motor activity.
The left hind foot pad is pale, from poor
perfusion. Such asymmetry in degree of
vascular compromise is not uncommon.
Both hind feet may feel cool compared with the forelimbs, although the left
hindlimb in this cat is likely to feel cooler than the right. Femoral pulses are usually
absent or markedly weak or asymmetric. Affected limbs also often have cyanotic
nail beds and ischemic muscle contracture. Acute ATE usually causes severe pain.
ii. Ultrasonography may reveal a thrombus in the caudal abdominal aorta, as in
this case (34b; large and small thrombi [small arrows] within distal aortic lumen,
AO; UB, urinary bladder).
iii. Feline myocardial disease, especially hypertrophic, restrictive, and ‘unclassified’
cardiomyopathies. ATE also has occurred with other cardiac diseases and with
systemic inflammatory conditions (e.g. neoplasia, viral infection, sepsis).

34b

35 i. There is mild cardiomegaly (VHS ~10 v), with LV and atrial (especially left
auricular) prominence. This imparts a slight ‘valentine’ shape to the cardiac
silhouette (35b). The pulmonary parenchyma and vessels are unremarkable.
ii. Hypertrophic cardiomyopathy is strongly suspected. Other differentials for left
heart enlargement and murmur suggestive of LV outflow obstruction include
chronic hypertension, hyperthyroidism, previously undiagnosed congenital
(sub)aortic stenosis, or another acquired ventricular outflow obstruction. 
iii. An echocardiogram, BP measurement, and serum T4 are indicated. CBC, serum
biochemistries, and urinalysis are also recommended. In this case, BP and T4 tests
were normal; echocardiography showed LA enlargement and asymmetric LV
hypertrophy with dynamic outflow obstruction (hypertrophic obstructive
cardiomyopathy). Possible sequelae include arterial thromboembolism, congestive
heart failure, and arrhythmias (exacerbated by stress, tachycardia, and LV outflow
obstruction). Low-dose aspirin or clopidogrel is usually prescribed to reduce
thromboembolic risk. Benazepril is recommended for clinical disease, but is of
unclear benefit earlier. Atenolol may be helpful by reducing outflow obstruction
and slowing HR. The owner is advised to monitor the cat’s resting respiratory rate
and effort, activity level, appetite, and attitude. Re-evaluation in 6–9 months is
suggested unless problems arise sooner.
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36 A 3-year old intact male Boxer began having syncopal episodes 3 weeks ago.
After a brief run, he suddenly stopped, looked tired as well as pale and
disorientated, and then collapsed unconscious after a few seconds. The dog
spontaneously regained full consciousness after 8–10 seconds. Since then, the owner
has observed four similar episodes, always during exercise. The dog is completely
normal between the events and in good body condition. Physical examination is
unremarkable. Hematology, serum biochemistry, and thyroid test results are
normal. Echocardiography (including Doppler), ECG, thoracic radiographs, and
abdominal ultrasonography are unremarkable.

A 24-hour (Holter) ECG recording is obtained to screen for episodic arrhythmias
(36a) as the owner records the dog’s activity in a diary. Samples from when the dog
is alert (36b) and during another syncopal event (36c, red arrow) while exercising
are shown.
i. What ECG abnormality is shown in 36b?
ii. What ECG abnormality is shown in 36c?
iii. What is the most likely diagnosis in this patient?
iv. How would you manage this case as well as advise the owner about prognosis?

36a 36b

36c

37 A 14-year-old male Weimaraner is
presented for recent abdominal swelling and
a collapse episode early this morning. Ascites
and a slow HR are identified on physical
examination. An ECG is recorded (37, leads
as marked, 25 mm/s, 0.5 cm = 1 mV).
i. What is your ECG interpretation?
ii. What test can be done to assess autonomic
neural influence?
iii. How is this test done?
iv. If there is no response, what do you recommend?

37
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37 i. HR is 30 bpm. Sinus P waves are seen, but complete (third degree) AV block
and a ventricular escape rhythm are evident. The slightly prolonged (0.05 second)
P waves suggest LA enlargement. QRS complex measurements and mean electrical
axis generally are not determined for idioventricular rhythms.
ii. The atropine response test. Atropine, a competitive muscarinic receptor
antagonist, has little to no effect on bradyarrhythmias caused by intrinsic sinus or
AV node disease.  
iii. Record an ECG within 5–10 minutes after injection of atropine (0.04 mg/kg
IV). If the HR does not increase by at least 150% or AV conduction improve, repeat
the ECG 15–20 minutes after the injection; an initial vagomimetic effect can last
over 5 minutes. Normal sinus node response is a rate increase to >135 bpm (usually
to 150–160 bpm). However, a positive response (increased sinus rate and AV
conduction) may not predict response to oral anticholinergic therapy.
iv. When there is no response to atropine challenge, medical therapy is unlikely to
improve symptomatic bradycardia and artificial pacing is indicated.

36  i. Sinus rhythm (120 bpm) with uniform ventricular premature complexes in a
trigeminal pattern (ventricular trigeminy); that is, two normal complexes followed
by a ventricular ectopic complex (indicated by ‘V’ in the top margin). 
ii. Sinus rhythm is interrupted by rapid ventricular tachycardia at 450 bpm. Syncope
occurred (red arrow) shortly after the onset of tachycardia.
iii. Arrhythmogenic RV cardiomyopathy (ARVC), or ‘Boxer cardiomyopathy’.
Ventricular tachyarrhythmias, usually with an upright configuration in lead II, are
typical and often occur with excitement or exercise. Echo findings can be normal
or show changes typical for dilated cardiomyopathy. 
iv. ARVC is difficult to manage and no cure exists. Antiarrhythmic drugs (e.g.
mexiletine with atenolol, sotalol, or amiodarone) are used to reduce ventricular
tachyarrhythmia frequency and severity, and resulting clinical signs. This may
improve quality of life; however, antiarrhythmic therapy may not reduce the risk of
sudden death or increase life expectancy. 

Some cases develop myocardial dysfunction and heart failure over time, so
cardiac size and function should be monitored. An implantable cardioverter-
defibrillator (ICD), used in people with life-threatening ventricular arrhythmias,
could be considered in Boxer ARVC. However, the expense, programming
challenges, and risk of inappropriate and painful electroshocks make ICD therapy
problematic.

The prognosis is guarded, although some affected dogs survive for years. Sudden
death is common. Affected animals should not be bred, as ARVC is thought to be
inherited.
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39 A 2-year-old male Miniature Poodle is
presented for a history of coughing and
gagging, which began over a year ago.
Multiple medications have been used with no
resolution. Physical examination is unre -
mark able except for a 2/6 systolic murmur
over the mitral region. Lateral (39a) and DV
(39b) thoracic radiographs are shown.
i. Is there radiographic evidence of heart disease?
ii. Are there any non-cardiac changes to account for the coughing and gagging?

39a 39b

38 A 9-year-old spayed female Miniature Schnauzer is presented for evaluation of
a heart murmur, cardiomegaly, and cough, which persists despite therapy with
furosemide, enalapril, and theophylline. A mild increase in respiratory rate and
effort  is observed. A grade 3/6 murmur is heard at both left and right cardiac apical
areas. Soft pulmonary crackles are heard. Femoral pulses are strong, but with
occasional deficits. Systolic BP is 138 mmHg. Thoracic radiographs indicate marked
LA enlargement and mild pulmonary infiltrates consistent with edema. A
hemogram and serum chemistries are unremarkable. An ECG is recorded (38, lead
II at 25 mm/s, 1 cm = 1 mV).
i. What is your ECG interpretation?
ii. How would you manage the case at this time?
iii. What are your recommendations for follow-up?

38
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38 i. The HR is 130 bpm, with sinus rhythm. There are several atrial premature
complexes (APCs) preceded by negative P’ waves (2nd, 5th, 9th complexes from the
right). The QRS complex configuration suggests a normal mean electrical axis.
Sinus P waves are wide (0.05–0.06 second), consistent with LA enlargement. QRS
complexes are slightly wide (0.07 second) with prominent Q and upper limit R
waves, suggesting LV enlargement. Chronic degenerative mitral valve disease
(MVD) is the likely underlying diagnosis.
ii. The respiratory signs, LA enlargement, and pulmonary infiltrates are consistent
with unresolved pulmonary edema. Furosemide therapy should be intensified,
pimobendan added, and the enalapril dose optimized. Echocardiography is
recommended to further characterize cardiac structure and  myocardial function.
APCs are common with MVD, but theophylline may be increasing their frequency.
Discontinuation of theophylline is advised unless it clearly is required to manage the
dog’s cough. Exercise restriction, moderately-low salt diet, and monitoring of
respiratory rate and effort are indicated.
iii. Serum electrolytes, renal function, heart rhythm, and pulmonary status should
be monitored. Furosemide dosing is adjusted as needed to control edema.
Spironolactone may also be helpful. If atrial tachyarrhythmias worsen, digoxin with
or without diltiazem or a beta blocker is recommended.

39  i. There is no definitive cardiac enlargement, based on various methods of
cardiac mensuration.  Likewise the cardiac shape is normal. The radiographic
interpretation is that the heart is within normal limits. 
ii. The airways, lung, and esophagus should be carefully scrutinized for either
primary or secondary changes. There is a small amount of air in the cranial thoracic
esophagus, seen in the lateral view, from the thoracic inlet through the 4th
intercostal space. Typical esophageal dilation is not evident in the DV view. The
gastric and intestinal shadows are moderately gas filled, but not abnormally
distended. The lung fields are normally radiolucent with the exception of a focal
interstitial opacity in the right caudal lobe around the primary bronchial path.
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40 Further questioning regarding the dog in 39 reveals that the cough is much worse
after drinking. A liquid barium swallow is done; DV views are shown (40a, b).
i. What is the radiographic diagnosis following the contrast study?
ii. Was it inappropriate to do the barium swallow?

40a 40b

41 A 7-year-old male DSH cat is
presented for physical examination and
vaccinations. The owner is concerned
because a littermate has recently been
diagnosed with hypertrophic cardio -
myopathy. The cat is purring loudly
during attempts at thoracic auscultation.
i. How can purring be discouraged
during auscultation?
ii. Which thoracic region(s) must be
auscultated carefully for possible presence of a murmur in cats?
iii. After purring is stopped, a soft extra sound is heard at the left apex. What is this
most likely to be?

41
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41 i. Holding a finger over one or both nostrils; waving an alcohol-soaked cotton
ball near the cat’s nose; gently pressing on the larynx (cricoid cartilage); turning on
a water faucet near the animal; or securely holding the cat away from the
examination table and suddenly lowering (pretending to drop) him.
ii. The feline heart lies more horizontally in the chest compared with dogs, so it is
important to auscultate the left and right sternal border regions, as well as left and
right apical (near the precordial impulse) and basilar regions.
iii. An S4 gallop sound. This diastolic sound (as well as the S3) is not normally
audible in cats (or dogs). The S3 and S4 are lower in frequency and usually softer
than normal heart sounds (S1 and S2); they are easier to hear using the bell of the
stethoscope (or light pressure with a single-sided chestpiece). An S3 or S4 sound is
sometimes called a gallop rhythm, although it is unrelated to the heart’s electrical
rhythm. Gallop sounds indicate ventricular diastolic dysfunction. The S4 is heard
with increased ventricular thickness and stiffness (e.g. hypertrophic cardio -
myopathy). Heart failure and increased LA pressure intensify gallop sounds.

40  i. The simultaneous opacification of the distal thoracic esophagus and right
caudal and accessory lobe bronchi indicate an esophagobronchial fistula. Such
fistulae occur only rarely in dogs and cats. Most are thought to result from
esophageal foreign body penetration or chronic irritation. This diagnosis should be
suspected when coughing is closely associated with drinking and eating; other
considerations with this history include oropharyngeal dysphagia and esophageal
disease with aspiration.  
ii. No. Esophageal contrast radiography most consistently demonstrates the
esophagobronchial connection. Optimal choice of contrast agent depends on
whether communication with the lung only or with other thoracic regions, such as
the mediastinum, is suspected. Barium aspiration into the trachea and bronchi is
generally cleared effectively by coughing and normal mucociliary transport, with no
significant residual effect. Barium in bronchioles and alveoli is cleared more slowly
by macrophages and granuloma formation. Extensive alveolar deposition can
compromise respiration. Barium causes a granulomatous reaction in the
mediastinum.

The pulmonary response to aspirated iodinated contrast depends on ionicity;
ionic products induce severe acute edema and inflammatory response, while non-
ionic agents cause only a mild inflammatory response. An oral non-ionic product
is recommended when potential for lung parenchymal contamination is high. If
that study is negative, a barium contrast study is then recommended to confirm the
negative study. Esophageal leaks visible only with barium contrast have occurred
in people. Esophagobronchial fistula is best treated by affected lung lobe removal
and esophageal closure.
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43 An 8-year-old male Great Dane is
presented for lethargy of 2-week dur -
ation and abdominal distension. The
dog is alert and normothermic. Mucous
membranes are pink, capillary refill time
is 3 seconds, femoral pulses are unre -
markable, and mild jugular distension is
seen. HR and rhythm and respirations
are normal. Ascites is evident. Heart
sounds are quite soft and lung sounds
are normal on auscultation. An ECG is
recorded (43, leads as marked, 50 mm/s, 1 cm = 1 mV).
i. What is your ECG diagnosis?
ii. Does the ECG provide an indication of the dog’s underlying problem?
iii. If so, what is the explanation for this finding?

42 An 11-year-old male Rhodesian
Ridgeback has a large intrathoracic
mass with severe pleural effusion. CT
reveals that the mass involves the left
cranial lung lobe and extends into the
right lung. The left cranial lung lobe,
which is torsed, is removed via left
lateral thoracotomy. Because the mass
also involves the right hemithorax, the
dog is repositioned for right lateral
thoracotomy. Partial lobectomy of the right middle and caudal lung lobes is
necessary to remove the mass. Mechanical ventilation is used postoperatively to
assist recovery (42).
i. What are the primary indications for ventilation therapy, especially in a case such
as this? 
ii. Which general indication has the better prognosis for survival to hospital
discharge?
iii. Describe the mechanical ventilation mode that combines both spontaneous and
ventilator-initiated breaths, and its advantage.
iv. What parameters indicate when it is reasonably safe to begin weaning a patient
with pulmonary dysfunction from mechanical ventilation?

42

43
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43 i. HR is 140 bpm, with normal sinus rhythm. Some baseline muscle tremor
artifact is evident. The electrical axis is normal. P wave duration is 0.05 second, but
this is acceptable in giant breeds. Other complex measurements are normal.
Electrical alternans is present.
ii. Yes. Electrical alternans occurs most often with large-volume pericardial effusion.
iii. Electrical alternans is a recurring, beat-to-beat alteration in the size or
configuration of the QRS complex (and sometimes T wave). It results from the
heart’s swinging motion, back and forth on alternating beats, within the pericardial
fluid. This motion changes the cardiac orientation within the torso, which affects
the ECG appearance. Electrical alternans may be more evident at HRs between 
90 and 140 bpm or in certain body positions (e.g. standing). Other ECG changes
sometimes seen with pericardial disease and effusion include diminished amplitude
QRS complexes (often less than 1 mV in dogs) and ST segment elevation suggesting
an epicardial injury current (not seen in this case). Sinus tachycardia is common
with cardiac tamponade. Various tachyarrhythmias also occur in some cases.

This dog had a large amount of pericardial effusion causing cardiac tamponade,
hemangiosarcoma involving the RA wall, and pulmonary metastases.

42  i. Primary indications for ventilation therapy are (1) hypoventilation and 
(2) hypoxemia unresponsive to O2 administration. This dog is likely to have both
hypoventilation (surgical pain) and hypoxemia (lung injury). Mechanical ventilation
can also be helpful by decreasing the work of breathing.
ii. Dogs treated with mechanical ventilation for hypoventilation have a better
prognosis than those requiring ventilator therapy for other causes of hypoxemia.
iii. With deep sedation and neuromuscular control, the ventilator initiates all
breaths. However, a more physiologic ventilator mode is intermittent mandatory
ventilation, where the patient can trigger breaths and the ventilator initiates
additional breaths to ensure delivery of the prescribed minute volume. Synchronized
intermittent mandatory ventilation (SIMV) is a variation where the ventilator is
programmed to override (not initiate) a mechanical ventilation cycle when the
patient attempts a spontaneous breath. This synchronization avoids competition
between the patient and ventilator, and allows the patient to assume more of the
work of breathing when able. Therefore, SIMV is commonly used to begin weaning
the patient from the ventilator. 
iv. Positive end-expiratory pressure <4 cm H20, normal minute volume and peak
airway pressure, inspired O2 concentration <40%, arterial PO2 >80 mmHg, and
arterial PCO2 <50 mmHg are parameters evaluated in determining when to begin
weaning from the ventilator.
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45 A second opinion is sought by the owner of a 1-year-old male German Shepherd
Dog. A murmur was recently heard by a veterinarian when the dog was presented for
routine vaccination. A lateral radiograph (45a) and angiocardiogram (45b) are shown.
i. Based on the information given, what abnormality is present? 
ii. How can the severity of this be assessed? 
iii. What are the management options for this case?

45a 45b
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46 A 30 kg (66 lb), young adult male
German Shepherd Dog of unknown age
is presented for an enlarging abdomen
and decreased activity of 3 weeks
duration. The owners note that the dog
groans when he moves and with petting.
His appetite is good. On physical
examination, a ballottable fluid wave is
present in the abdomen. Body temper a -
ture is 38.9°C (102°F). HR is 120 bpm
with a slightly irregular rhythm. Femoral pulses
and precordial impulses are weak. Jugular
distension is evident. Heart sounds are very soft;
no murmur is heard and lung sounds are
normal. Lateral (46a) and DV (46b) thoracic
radiographs are obtained. Echocardiography is
not available.
i. Describe the radiographic findings.
ii. What are your differential diagnoses?
iii. How would you manage this case?

46a

46b



45  i. RV enlargement is seen (45a). Contrast
injection into the RV reveals a thickened, fused
pulmonic valve (inverted ‘Y’ shape, 45b) typical
for valvular pulm onic stenosis. Mild RV hyper -
trophy and main PA dilation are secondary to the
stenosis. 
ii. By the systolic pressure difference (gradient)
between RV and PA. RV systolic pressure
increases above normal because of increased resistance to RV emptying. The pressure
gradient (instantaneous) is estimated from peak PA outflow velocity (via spectral
Doppler echocardiography) and the Bernoulli equation (pressure gradient = 4 × peak
velocity2). Pressure gradient (peak to peak) can be measured directly during cardiac
catheterization; this is lower than that estimated by Doppler in the awake animal.
iii. Balloon valvuloplasty, recommended for severe valvular pulmonic stenosis, can
create a larger orifice by tearing valvular adhesions (45c; indentation of inflated
balloon from stenotic valve prior to tearing). Marked reduction in pressure gradient
is often achieved, although valvuloplasty is not helpful in some cases and even
contraindicated in others. Beta-blocker therapy may be prescribed to reduce HR
and myocardial O2 requirement, as well as increase diastolic filling and myocardial
perfusion, if balloon valvuloplasty is unsuccessful or not pursued.

45c
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46 i. There is marked, generalized cardiomegaly with tracheal elevation (46a). The
heart has a round, globoid appearance on DV view. Pulmonary vessels and
parenchyma appear normal. Mild caudal vena caval dilation and ascites are evident.
ii. Large pericardial effusion with cardiac tamponade is likely considering the
globoid cardiac silhouette without identifiable heart contours. Other causes of a
large, rounded heart with signs of right-sided failure include dilated cardio -
myopathy and congenital tricuspid dysplasia with severe tricuspid insufficiency.
However, the muffled heart sounds, lack of murmur, and loss of caudodorsal
cardiac contours make these less likely here. Pericardioperitoneal diaphragmatic
hernia is another differential, although the heart shadow appears distinct from the
diaphragm on DV and right heart failure would be unexpected.
iii. Clinical and radiographic signs are most consistent with cardiac tamponade.
Medications for congestive heart failure (e.g. furosemide, enalapril) are likely to further
impair cardiac filling and forward output. Pericardiocentesis is indicated and should be
done right away. Even if only partial removal of the effusion is accomplished, reduced
intrapericardial pressure should improve cardiac filling and output. Electro -
cardiography is indicated to identify the arrhythmia and to monitor rhythm during
pericardiocentesis. If possible, referral for echocardiography and further evaluation is
recommended.



47 A 3-year-old male neutered DSH cat
is referred because of a heart murmur.
He is alert, in good body condition, and
has no clinical signs. Physical examin -
ation is normal, except for a systolic
grade 3/6 heart murmur, heard best over
the left apex and radiating to the right
side.

Hematologic and serum biochemical
test results are unremarkable. Systolic
BP is normal (135 mmHg). Thoracic

radiographs show cardiomegaly, without venous engorgement or evidence for
pulmonary edema. Echocardiography is performed. M-mode image at the mitral
level (47a), color flow Doppler in systole from right parasternal LV outflow view
(47b, 1 – aorta, 2 – left ventricle, 3 – left atrium), and continuous wave Doppler
interrogation of the LV outflow tract from left apical position (47c) are shown.
Measurements from M-mode images are (reference values in brackets):

Diastole (mm) Systole (mm)
IVS 6 (3–5.5) 9 (4–9)
LV chamber 15 (10–20) 7 (4–11)
LV wall 7 (3–5.5) 10 (4–10)
LA 23 (6–12)
Aorta 11 (7–12)
LV FS 53% (40–66%)

i. Based on the echocardiographic examination, what is the working diagnosis?
ii. What echocardiographic abnormalities are shown?
iii. What clinical management can be advised for this case?

47a 47b

47c

1

2

3
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47  i. M-mode measurements indicate mild/moderate LV and IVS hypertrophy, with
marked LA enlargement. Hypertrophic cardiomyopathy is likely, as systemic
hypertension and hyperthyroidism are absent. The murmur and findings shown in
the figures (described below) support a working diagnosis of  hypertrophic
obstructive cardiomyopathy (HOCM).
ii. Mitral valve systolic anterior motion is seen (47a, d). The anterior (septal) mitral
leaflet is pulled toward the IVS (arrow), which contributes to dynamic LV outflow
obstruction in mid systole. Secondary mitral regurgitation (from mitral leaflet
displacement) and increased LV outflow turbulence (47b) explain the murmur.

Severity of dynamic obstruction can be estimated by Doppler peak LV outflow
velocity (47c), here ~4 m/s (pressure gradient of ~64 mmHg). When optimal
Doppler alignment is not possible (as in this case), the true resting gradient is
underestimated. The LV outflow velocity spectrum’s shape shows abrupt
acceleration in mid systole; this concave, asymmetrically-shaped waveform is typical
for dynamic obstruction.
iii. Treatment for asymptomatic HOCM is controversial. Anecdotal improvement
in physical activity has occurred after beta blocker or diltiazem therapy. Beta
blockers can reduce LV outflow obstruction acutely, but controlled long-term
studies are lacking. The efficacy of angiotensin-converting enzyme inhibitors is also
unclear. Furosemide is not indicated without congestive failure.

47d



48 A 9-year-old male Miniature
Schnauzer is reluctant to jump on and off
the furniture. The owner observes no
other abnormalities. The dog’s HR is
100 bpm. A soft systolic murmur is heard
at the left apex. Mild lumbar pain is
detected, but no neurologic deficits. The
rest of the examination is normal. Chest
radiographs and ECG are unre markable.
An echocardiogram is done; LV dimen -
sions from M-mode imaging are 3.44 cm
(end diastole) and 2.04 cm (systole).
Two-dimensional right para sternal short
axis views at mitral valve (48a) and aortic
(48b) levels, and a long axis 4-chamber
view in systole (48c) are shown
i. What are the echo findings?
ii. What is your diagnosis?
iii. How would you manage this case?

48, 49: Questions
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48a 48b

48c

49 How should AV reciprocating tachycardia, associated with ventricular pre-
excitation, be treated? 
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48 i. There is moderate mitral valve thickening (arrows, 48a). Ventricular
proportions look normal. LA enlargement is minimal at this time. Color flow
examination demonstrates mild mitral regurgitation (48c). M-mode LV dimensions
and FS (40.7%) are normal. FS is calculated from the LV dimensions as (LV diastolic
– LV systolic)/LV diastolic × 100. 
ii. Early degenerative mitral valve disease (endocardiosis).
iii. There are no clinical signs of heart failure and minimal to no evidence for
hemodynamic compromise (normal heart size and function). This dog would be
classified as stage B1 heart failure according to the modified American Heart
Association/American College of Cardiology staging system. Specific cardiac
medications are not clearly indicated at this time. Potential benefits of low-dose
beta blocker or other therapy are under investigation. Routine health maintenance
care, management of lumbar pain (in this case), avoidance of high salt intake, client
education about early signs of cardiac decompensation, and cardiac evaluation in
6–12 months are recommended.

49 If a vagal maneuver is not effective, drugs that slow conduction or prolong the
refractory period of the bypass tract, AV node, or both may terminate the
tachycardia. Diltiazem (or verapamil), procainamide, lidocaine, or a beta blocker
(slowly IV) can be tried; amiodarone or a class IC antiarrhythmic agent are
alternatives. However, if atrial fibrillation was pre-existing, amiodarone, sotalol,
or procainamide is recommended for the tachycardia. Although digoxin slows AV
conduction, it can decrease the accessory pathway’s refractory period, so it is
avoided with ventricular pre-excitation. Intracardiac electrophysiologic mapping
with ablation of the accessory pathway(s) has successfully abolished refractory AV
reciprocating tachycardia in some dogs. (See also case 130.)
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50 A 5.5-year-old intact male Shih
Tzu is presented for episodes of
respiratory stridor and labored
breathing over the past 6 months.
The episodes involve sudden-onset,
noisy (‘roaring’) inspiratory
sounds, with the dog appearing
uncomfort able, rigid, and slightly
cyanotic. They occur unpre -
dictably and are often triggered by
exercise or excitement. The
respiratory distress is short lived;
complete resolution of clinical signs generally occurs within minutes.

On presentation, the dog is slightly overweight, alert, and fully responsive.
Physical examination is unremarkable. No facial deformities are observed, both
nostrils appear patent, and visual inspection of the throat and neck palpation are
unremarkable. Hematology, serum biochemistry, and arterial blood gas test results
are all normal. Thoracic radiographs are unremarkable. A lateral radiograph of the
laryngeal area is shown (50).
i. What differential diagnoses could cause the episodic inspiratory stridor and
cyanosis in this dog?
ii. What abnormality can be observed on the radiograph of the neck region?
iii. Are there additional tests that can be recommended for a definitive diagnosis?
iv. What are the available therapeutic options?

50

51 A 5-year-old male DSH cat is
presented for recent onset of anorexia,
lethargy, weight gain, and trouble
breathing. The cat’s mucous membranes
are pink with normal capillary refill
time. The HR is 180 bpm with a regular
rhythm; no murmur is heard. Lung
sounds are somewhat muffled. Femoral
pulses are normal.
i. What physical abnormality is shown
(51)?
ii. What can cause this?
iii. What test(s) should you do next?

51



51 i. Marked jugular vein distension.
ii. Jugular veins become distended when pressure within rises. Persistent jugular
distension, with the head in a normal erect position, is usually associated with right-
sided congestive heart failure, cardiac tamponade or, rarely, constrictive pericardial
disease. When there is no obstructive lesion between jugular vein(s) and RA, the
appearance of the jugular veins provides an indication of right heart filling pressure. 

Occasionally, jugular vein distension without pulsation occurs because of disease
that obstructs blood flow through the cranial vena cava, proximal jugular veins, or
RV inflow region. This can occur from thrombosis or other intravascular mass
lesion, or from external compression of the vena cava.

Although not well seen in the photograph, this cat also had subcutaneous edema
of the ventral jaw, thoracic inlet, and forelimbs. These findings comprise the ‘cranial
caval syndrome’, which is usually caused by venous obstruction within the cranial
thorax (e.g. cranial mediastinal mass or cranial vena caval thrombosis).
iii. Thoracic radiographs are indicated to evaluate the cranial mediastinum as well
as other thoracic structures. Thoracic ultrasonography can also demonstrate
presence of a mediastinal mass or venous thrombosis. Needle aspirate of a mass
lesion or any pleural effusion may provide an etiology. (See also case 52.)

50  i. Stridor is a loud musical sound caused by turbulent air flow in the upper
airways, usually associated with obstruction. Sometimes, stridor is audible only
when the animal breathes deeply (e.g. with exercise or excitement). It usually occurs
during inspiration. Anatomic deformities that partially obstruct the upper airway,
common in brachycephalic dogs, can cause stridor. These include stenotic nares,
extended (elongated) soft palate, laryngeal deformities (including everted saccules),
and hypoplastic trachea. Functional abnormalities (e.g. tracheal collapse, laryngeal
paralysis), as well as upper airway obstruction from a foreign body, tumor, abscess,
or severe mucosal edema, can also cause stridor.
ii. The radiograph shows an elongated soft palate, which impinges on the laryngeal
opening (aditus laryngis).
iii. Soft palate entrapment at the larynx can be seen by visual inspection of the
pharyngeal and laryngeal area during deep sedation or general anesthesia. The
examination should also include retrograde rhinoscopy to exclude potential
disorders in the nasopharyngeal area (e.g. choanal mass or foreign body) and careful
inspection of the pharynx and tonsillary crypts.
iv. Surgical resection of the elongated soft palate is the treatment of choice. Some
cases may require prior clinical stabilization (i.e. sedation, cage rest, O2

supplementation, antibiotic and anti-inflammatory treatment) before surgery.
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53 A 6-year-old male intact
English Bull Terrier is presented
after a 3-day history of lethargy
and episodic collapse during
daily walks. During these
episodes the dog trembled but
never lost consciousness or
sphincter control. Previous
history is unremarkable. The
dog is slightly lethargic, but fully responsive and in good body condition. Physical
examination suggests mild dehydration, with tacky mucous membranes but normal
capillary refill time. Femoral pulses are strong and regular at a rate of 50/minute.
Thoracic auscultation is unremarkable. ECG recordings at 25 mm/s (53a) and
50 mm/s (53b) are shown.
i. What is your ECG interpretation?
ii. What are the possible underlying causes?
iii. What other tests would be indicated for this patient?

52 Lateral (52a) and DV (52b) thoracic
radiographs are obtained on a 5-year-old DSH
cat with anorexia, lethargy, respiratory
difficulty, marked jugular vein distension, and
cranial subcutaneous edema (see case 51). 
i. What is your radiographic interpretation?
ii. List the main differential diagnoses.
iii. How would you proceed with this case?

52a 52b

53a

53b
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53  i. The figures show a slow HR (60 bpm), flat baseline, no obvious P waves,
and slightly widened QRS complexes. These features suggest lack of atrial electrical
activity (atrial standstill). It is unclear if the QRSs are escape complexes. Atrial
fibrillation (AF) is another cause of absent P waves, but AF causes baseline
undulation (‘f’ waves) and irregular AV conduction, which produces a chaotic
ventricular rhythm.
ii. Moderate to severe hyperkalemia can cause atrial standstill by inhibiting atrial
muscle depolarization. However, sinus node activity generally persists and is
conducted via internodal pathways to the AV node and then into the ventricles
(sinoventricular rhythm). 

Persistent atrial standstill (silent atria) results from atrial myocardial disease. It
is characterized by atrial mural fibrosis and thinning, conduction failure, and atrial
enlargement; an escape rhythm is required to stimulate the heartbeat. This disease
is most common in English Springer Spaniels. In other cases, atrial standstill can be
secondary to cardiomyopathy or myocarditis. 
iii. Serum electrolytes should be measured immediately and hyperkalemia, if
present, treated at once. Hypoadrenocorticism and urinary obstruction are common
causes of hyperkalemia; appropriate diagnostic tests are done as indicated. If serum
potassium is normal, additional tests should include thoracic radiographs and
echocardiography. Serum cardiac troponin I concentration may indicate active
myocardial damage. (See also case 54.)

52 i. The cardiac silhouette is obscured by a moderate amount of pleural effusion.
The cranial thorax is filled with soft tissue/fluid opacity. The partially atelectic
cranial lung lobes are displaced caudally and the trachea is pushed dorsally,
indicating a cranial mediastinal mass lesion is present rather than pleural fluid
alone. The caudal lung lobes and vessels appear normal. A large amount of gas in
the stomach (aerophagia) is consistent with respiratory distress.
ii. The most common causes of a cranial mediastinal mass lesion are lymphoma
and thymoma, although a granulomatous or other lesion is also possible. Large
cranial mediastinal masses compress the cranial vena cava, which raises venous
pressure in the cranial body and promotes the cranial subcutaneous edema as well
as jugular vein distension seen in this case. Pleural effusion is often concurrent.
iii. Definitive diagnosis is needed to guide specific therapy. Needle aspirate of the
mass and pleural fluid may yield a cytologic diagnosis. If not, a biopsy is indicated
(ultrasound-guided or surgical). Lymphoma was diagnosed in this cat.
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55 How is heartworm disease (HWD) severity graded?

54 After initial examination, the following serum biochemical results are obtained
on the dog with collapsing episodes described in 53:  
Parameter Result Reference range
Urea 13.1 mmol/l (36.7 mg/dl) 2.5–9.6 mmol/l (7–26.9 mg/dl)
Creatinine 189 μmol/l (2.1 mg/dl) 44–159 μmol/l (0.5–1.8 mg/dl)
Total protein 76.0 g/l (7.6 g/dl) 52.0–82.0 g/l (5.2–8.2 g/dl)
Albumin 38.0 g/l (3.8 g/dl) 23.0–40.0 g/l (2.3–4.0 g/dl)
Globulin 38.0 g/l (3.8 g/dl) 25.0–45.0 g/l (2.5–4.5 g/dl)
Albumin/globulin  1.0 0.50–1.50

ratio
Alanine transferase 32.0 U/l 10–100 U/l
Alkaline 

phosphatase 81.0 U/l 23–212 U/l
Glucose 7.0 mmol/l (126 mg/dl) 4.1–7.9 mmol/l (74–142 mg/dl)
Sodium (Na) 135 mmol/l (135 mEq/l) 144–160 mmol/l 

(144–160 mEq/l)
Potassium (K) 8.4 mmol/l (8.4 mEq/l) 3.5–5.8 mmol/l (3.5–5.8 mEq/l)
Na/K ratio 16.0 >27
Calcium 3.0 mmol/l (12 mg/dl) 1.90–3.0 mmol/l (7.6–12 mg/dl)
Phosphorus 1.7 mmol/l (5.3 mg/dl) 0.81–2.20 mmol/l 

(2.5–6.8 mg/dl)
Cholesterol 8.4 mmol/l (324 mg/dl) 2.8–8.3 mmol/l (108–320 mg/dl)
Basal cortisol <28 nmol/l (<1 μg/dl) 28–250  nmol/l (1–9 μg/dl)
Post adreno-

corticotropic 
hormone (ACTH) 
cortisol <28 nmol/l (<1 μg/dl) 50–660 nmol/l (1.8–23.9 μg/dl)

An ECG (54, 25 mm/s) is recorded after initial therapy.
i. What caused the presenting clinical signs and ECG abnormalities in this dog?
ii. What initial treatment is indicated?  
iii. What is your interpretation of the ECG shown here?
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55 Class 1: Asymptomatic/mild HWD. Clinical signs: none or only occasional
cough, fatigue with exercise, or mildly reduced condition. No radiographic or
laboratory abnormalities.
Class 2: Moderate HWD. Clinical signs: as for class 1. Radiographic signs may
include RV and mild PA enlargement, circumscribed perivascular and/or mixed
alveolar/interstitial infiltrates. Laboratory abnormalities may include mild anemia
(PCV 0.2–0.3 l/l [20–30%]), +/- mild (2+) proteinuria.
Class 3: Severe HWD. Clinical signs may include constant fatigue, persisent cough,
dyspnea, cachexia, or other signs of right-sided heart failure (ascites, jugular
distension and pulse). Radiographic signs include RV +/- RA enlargement, severe PA
enlargement, circumscribed to diffuse mixed patterns of pulmonary infiltrates, 
+/- signs of pulmonary thromboembolism. Laboratory abnormalities include
anemia (PCV <0.2 l/l [<20%]), other hematologic abnormalities, or proteinuria
(>2+). Class 3 dogs should be stabilized before adulticide treatment (use alternate
melarsomine protocol).
Class 4: Caval syndrome. Shock-like condition following RV inflow obstruction by
a mass of worms. Signs as for class 3 with acute collapse or weakness, often with
pallor, dyspnea, hemoptysis, hemoglobinuria, and bilirubinuria. Intravascular
hemolysis, azotemia, abnormal liver function with increased enzyme activity, and
dissemination intravascular coagulation are common.

54  i. Hyperkalemia caused the relatively slow HR and lack of P waves on initial
ECG (see case 53). Besides hyperkalemia, the dog’s hyponatremia and reduced Na/K
ratio suggest hypoadrenocorticism (Addison’s disease). This was confirmed by low
pre- and post-ACTH cortisol concentrations. Reduced circulating volume
associated with this disease can cause dehydration, prerenal azotemia, and
weakness. 
ii. Initial therapy is aimed at correcting hypovolemia, electrolyte imbalances, and
metabolic acidosis. In some cases, aggressive IV 0.9% saline administration is
adequate. However, for severe or non-responsive hyperkalaemia, concurrent
administration of regular insulin (0.5–1.0 U/kg) plus dextrose (2 g/U insulin used)
in the IV fluid is indicated. Alternatively, a slow IV bolus of Na bicarbonate 
(1–2 mEq/kg) or 10% calcium gluconate (2–10 ml) can be given. Serum potassium
should be monitored closely. Once a diagnosis of hypoadrenocorticism is confirmed,
mineralocorticoid and glucocorticoid therapy is initated.
iii. Sinus arrhythmia at a rate of 100 bpm is present. P waves are clearly seen now
and the QRS complex duration is shorter. This ECG was recorded 24 hours after
initiation of fluid therapy; serum K concentration was 6.1 mmol/l (6.1 mEq/l).
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57 A 4-year-old castrated male
Yorkshire Terrier is presented for
episodes of respiratory distress.  After
physical examination and other clinical
tests, a surgical treatment is recomm -
ended. This intraoperative photograph
(57) demonstrates the lesion responsible
for the respiratory distress. Cranial is to
the left in this photograph.
i. What is the cause of the dog’s
historical respiratory distress?
ii. What preoperative diagnostic tests would be useful to document this diagnosis? 
iii. Assuming that the lesion is present only in the location demonstrated in the
photograph, during what phase of respiration would the respiratory distress be
most prominent?
iv. If respiratory distress is severe when the dog is initially presented, what
treatments should be done to stabilize the animal, and with what priority?

57

56 A 6-year-old neutered male West
Highland White Terrier was rescued from a
fire 5 days ago. At that time the dog showed
some difficulty breathing, but lung sounds and thoracic radiographs were normal.
He had been treated with supplemental O2 for 4 days and seemed to be improving
clinically. However, thoracic auscultation now reveals increased breath sounds and
occasional crackles. Left lateral and DV radiographs are obtained (56a, b).
i. What radiographic changes are present, and what is the radiographic diagnosis?
ii. What is the pulmonary pathophysiology of smoke inhalation?

56a 56b
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56  i. The right middle lung lobe demonstrates
well-defined cranial and caudal lobar borders,
effacement with the mid-right cardiac border, and
air bronchogram form ation (56c, arrows). A small
volume of air is in the mid-thoracic esophagus.
The radiographic diagnoses are right middle lobe
alveolar pattern and mild aerophagia. Differentials
to be considered include secondary bacterial
pneumonia, aspiration pneumonia, and partial
atelectasis secondary to bronchial obstruction.
ii. Thermal injury, gases, and irritant particulate
products generated by the fire damage the airways
and lung parenchyma. Hypoxia, release of
inflammatory mediators, and, potentially, airway occlusion occur in variable
combinations related to the duration of exposure and the type of combustible
materials. The radiographic changes are due to pulmonary edema and pneumonia.  

Thoracic radiographs are often normal at presentation. During the first 24–36
hours, pulmonary interstitial to alveolar radiographic patterns can develop. These
relate to the increased mucosal secretions, mucosal sloughing, and secondary
bacterial infection that are later sequelae.

57  i. Tracheal collapse. Weakened cartilaginous rings and/or redundancy of the
dorsal tracheal membrane usually underlie the narrowing of the tracheal lumen
that occurs. Cervical, intrathoracic, or both regions of the trachea can be involved.
ii. The standard tests for diagnosing this condition are (1) cervicothoracic
radiographs taken during both inhalation and exhalation, (2) cervicothoracic
fluoroscopy, and (3) tracheoscopy. 
iii. The image shows the cervical trachea from a ventral midline approach. Tracheal
collapse limited to the cervical trachea causes inspiratory dyspnea. 
iv. If respiratory distress is severe on presentation, the dog should be sedated, placed
in a quiet O2-rich environment, and monitored closely. If sedation fails to reverse
the respiratory distress, deeper sedation or anesthesia should be employed for
endotracheal intubation. Oxygen is delivered through the endotracheal tube and
ventilation is provided as necessary. Once all vital parameters are stable under deep
sedation or anesthesia, the dog is allowed to recover slowly. If the dog cannot be
extubated without respiratory distress recurring, emergency surgical correction or
intraluminal stent placement may be necessary. A temporary tracheostomy tube
may be placed if definitive correction is not available; however, this technique may
complicate definitive correction.
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59 An 8-year-old neutered female Ragdoll cat weighing
3.5 kg (7.7 lb) is presented for labored breathing of
sudden onset approximately 12 hours earlier. The cat lives
mainly indoors and is fed a commercial maintenance diet.
The cat appears distressed, with open-mouth breathing,
an extended neck, abducted elbows, and increased
abdominal effort. Thoracic percussion revealed a bilateral
horizontal line of dullness. The HR is elevated (250 bpm).
Systolic BP is 70 mmHg (normal 120–170 mmHg). Initial
thoracic imaging indicates pleural effusion is present.
Thoracocentesis yields 200 ml of fluid (59). The cat’s
respiratory rate and pattern improve dramatically after
thoracocentesis. Fluid analysis: tryglycerides,
16.96 mmol/l  (1501 mg/dl); cholesterol, 3.6 mmol/l
(139 mg/dl); total protein, 39.8 g/l (3.98 g/dl); albumin,
21.8 g/l (2.18 g/dl); globulin, 18.0 g/l (1.8 g/dl); alb/glob
ratio, 1.21; macroscopic examination, white, opaque fluid; cytologic evaluation,
moderate cellularity (5.0 × 109/l) with good cell preservation, neutrophils (14%),
lymphocytes (56%), macrophages (30%); occasional mesothelial cells and plasma
cells seen; no evidence of neoplasia; no bacteria identified; results of both aerobic
and anaerobic culture, negative.
i. What type of fluid was aspirated from the chest of this patient?
ii. List some abnormalities that can cause this.
iii. What additional diagnostic tests are indicated?

58 A 4-year-old Yorkshire Terrier
with episodic respiratory distress is
diagnosed with tracheal collapse (see
case 57). This intraoperative photo -
graph demon strates the lesion and
the surgical treatment employed.
Cranial is to the left in this photo -
graph.
i. What diagnostic modality is used to
grade this condition, and what are
the four grades? 
ii. Of what biomaterial is the implant being employed in the photograph made?
iii. What muscle bellies are being retracted by the Weitlaner retracter?
iv. What iatrogenic complication can occur with this technique, and what can be
done to treat the complication?

58

59
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59  i. The appearance of the pleural fluid, as well as its cytologic and biochemical
features, indicate a chylous effusion. Most effusions in cats and dogs are bilateral,
as in this case, because the right and left pleural cavities communicate through
mediastinal fenestrations.
ii. Increased pressure within (or permeability of) the thoracic duct system allows
chyle to leak into the pleural space. Mediastinal neoplasia (especially lymphoma in
cats) can cause lymphatic obstruction and inflammation and lead to chylous
effusion. Any process that increases systemic venous pressure (e.g. right-sided heart
failure from cardiomyopathy, dirofilariasis, or pericardial disease, as well as cranial
vena caval thrombosis) can result in chylothorax. Trauma is another potential cause
of chylothorax, especially in outdoor cats. Congenital lymphatic malformation can
also predispose to chylous effusion. When no underlying cause can be identified,
idiopathic chylothorax is diagnosed. 
iii. Diagnostic tests should include thoracic radiographs (after thoracocentesis) to
evaluate cardiac size and shape, the lungs, cranial mediastinum, and other visible
structures. Echocardiography is useful to screen for underlying cardiac disease, and
may show evidence for cardiomyopathy, mediastinal or intrathoracic mass lesion,
or other abnormality. Routine hematologic, biochemical, and heartworm tests are
also recommended. Lymphangiography can demonstrate lymphangiectasia and
areas of obstruction.

58  i. Tracheoscopy is used to grade the degree of collapse as 25% collapse 
(grade 1), 50% collapse (grade 2), 75% collapse (grade 3), or near total collapse
(grade 4). 
ii. The prosthetic tracheal ring in the photograph was made from a polypropylene
syringe barrel; however, commercially manufactured polypropylene tracheal ring
prostheses are available in a variety of sizes. Prosthetic tracheal rings have also been
fashioned from polyvinyl chloride drip chambers of intravenous administration sets.
iii. Prosthetic tracheal rings are applied to the cervical trachea via a ventral midline
surgical approach from the larynx to the manubrium. The sternohyoideus muscles
are separated on the midline, and these are the muscle bellies that are being retracted
by the self-retaining retractors in the photograph. 
iv. The major iatrogenic complication of this surgical technique is damage to the
recurrent laryngeal nerves located in the peritracheal fascia. The resultant laryngeal
paralysis may be treated by cricoarytenoid laryngoplasty. Intraluminal tracheal
stenting avoids iatrogenic recurrent laryngeal nerve injury, but the cervical portion
of the trachea may be better served by extraluminal ring prostheses, while
intraluminal stenting is better for intrathoracic tracheal collapse.
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60 The cat in 59 developed chylothorax. It lived mainly indoors and there was no
history of trauma. A lateral chest radiograph taken after thoracocentesis is shown
(60a). An echocardiogram was also done; a right parasternal short axis view at the
level of the heart base is shown (60b). All other echo views were unremarkable;
concurrent ECG monitoring showed sinus rhythm at approximately 250 bpm.
Hematology and serum biochemistry test results were unremarkable. Tests for feline
immunodeficiency virus, feline leukemia virus, and heartworm disease were
negative. 1 – aorta, 2 – left atrium.
i. What is the most likely cause of chylothorax in this case?
ii. What are the treatment options and prognosis?

60a 60b

1

2

61 A 4-month-old female purebred cat
exhibits lethargy, fever, weight loss,
respiratory difficulty, and constipation.
The kitten is thin, febrile (39.4°C
[103°F]), and tachypneic. Thoracic
radiographs reveal pleural effusion.
Thoracocentesis yields a turbid, yellow
fluid with a cell count of 8760/μl, protein
content of 45 g/l (4.5 g/dl), and pH of
6.0. A photo micrograph of a direct
smear of the fluid is shown (61, Wright’s
stain, 500× oil).
i. How would you classify this fluid based on fluid characteristics as well as
cytologic findings?
ii. Based on fluid evaluation, as well as the signalment and clinical findings, what
is the most likely diagnosis?
iii. What antemortem diagnostic tests are available to confirm this, and what are
their limitations?  

61
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61  i. This fluid is classified as an exudate, based on both the high nucleated cell
count (>5000/μl) and the high total protein (>30 g/l [>3.0 g/dl]). Cytologic
examination also reveals a highly proteinaceous effusion (basophilic, stippled
background with protein crescents) with increased cellularity. Cells are composed
of a mixture of neutrophils and macrophages with a few small lymphocytes. The
cytologic diagnosis was therefore proteinaceous effusion with moderate
neutrophilic, macrophagic inflammation.
ii. Feline infectious peritonitis (FIP) is the most likely cause, although this is a
difficult disease to diagnose definitively antemortem. 
iii. FIP is a feline corona virus (FCoV). Many other coronaviruses (including non-
pathogenic FCoV) are antigenically similar to the pathogenic FCoV. As a result,
antibody titers and even PCR tests are not specific for FIP. Results of these
diagnostic tests are therefore considered together with clinical and historical
findings in order to reach a presumptive diagnosis.  

The best antemortem test for FIP is biopsy, where the diagnosis can be confirmed
by histopathology. The characteristic lesion in FIP (both effusive and dry form) is pyo -
granulomatous vasculitis. In this case the diagnosis of FIP was confirmed at necropsy.

60  i. Mild residual pleural effusion, without venous congestion or pulmonary
edema, is present (60a). Normal atrial size (60b) and other normal echo findings
suggest a non-cardiac origin for the effusion. Lack of evidence for a mediastinal
mass, thrombus, or other cause of increased cranial vena caval pressure or
lymphatic disruption, with no known trauma, suggests an idiopathic chylothorax,
although neoplasia cannot be fully excluded.
ii. Medical management is attempted before considering surgery. Chylothorax of
identifiable and treatable cause may resolve. However, no treatment for idiopathic
chylothorax is consistently effective, although spontaneous resolution after several
weeks or months is reported rarely.

Thoracocentesis is repeated as necessary; a chest tube is placed in patients with
rapid fluid accumulation or traumatic chylothorax. Electrolytes are monitored with
frequent thoracocentesis. Medical therapy can include a low-fat diet (to reduce
lymph flow) and administration of rutin (a natural bioflavonoid that inhibits
inflammation and fibrosis and promotes macrophage activation). Octreotide, a
synthetic analogue of somatostatin, may reduce gastrointestinal secretions and
decrease thoracic duct lymphatic flow.

Surgical intervention (i.e. thoracic duct ligation, pericardectomy, and
omentalization of the thoracic cavity) is recommended in patients that do not
respond to medical management.
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62 A 4-month-old female English Bulldog develops respiratory difficulty that
progresses to dyspnea over the course of 4 days. She is febrile. A hemogram reveals
a degenerative left shift with toxic neutrophils.  Right lateral (62a) and DV (62b)
radiographs are taken.
i. Describe the radiographic abnormalities.
ii. What are your radiographic diagnoses?
iii. What, if any, is the correlation between the two major findings?

62a

62b
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62  i. A ventral bilateral soft tissue pulmonary opacity is present. Well-defined air
bronchograms of the left cranial lobe are summated (super imposed) with the
cardiac shadow in the lateral view. A strong lobar border sign is evident between
the right cranial and middle lobes in the DV view at the 6th intercostal space. The
soft tissue opacity is heterogeneous between the heart and diaphragm. The dorsal
portions of the caudal lobes are hyperinflated. The trachea is narrower than normal,
with a tracheal diameter:thoracic inlet ratio of 0.06. The landmarks for the tracheal
diameter:thoracic inlet ratio are shown (62c). Bulldogs with a ratio less than 0.13
are likely to have a hypoplastic trachea.
ii. Hypoplastic trachea and bronchopneumonia.
iii. Tracheal hypoplasia is a congenital anomaly reported most commonly in
Bulldogs. Although bronchopneumonia was the most common coexisting acquired
disease found in a study of 103 dogs with radiographically defined hypoplasia, it
was present in only seven of the dogs. It was thought that tracheal hypoplasia did
not predispose the dogs to bronchopneumonia. The authors concluded that tracheal
hypoplasia can be well tolerated when not coexisting with other respiratory or
cardiovascular disease. 

62c



63, 64: Questions

73

64 What is angiostrongylosis, and how is it transmitted?

63 A 6-year-old male neutered Wire Haired Fox
Terrier is presented for evaluation of a cardiac
murmur present since puppyhood, but possibly louder now. The dog has shown no
clinical signs and is bright and alert. Physical examination is normal except for a
grade 4/6 systolic murmur heard best at the left cardiac base. Echocardiography is
performed; images shown are M-mode at the ventricular level (63a), right
parasternal short axis close-up in diastole (63b) and systole (63c), and continuous
wave Doppler in the same position (63d). 1 – RV wall, 2 – IVS, 3 – LV wall, 4 – RV
outflow tract, 5 – PA.
i. What is evident from 63a?
ii. Describe the findings in 63b–d.
iii. What are your recommendations to the owner?

63a 63b

63c 63d
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64 Nematodes of the genus Angiostrongylus can parasitize several species. A.
vasorum most often affects dogs as well as foxes, wild canidae, and other species.
This parasite is found in western Europe and the UK, eastern Canada
(Newfoundland), and portions of South America and Africa; its distribution
appears to be spreading. A. vasorum requires an intermediate host (slug or snail)
in which L1 larvae mature to an infective L3 stage. The final host becomes infected
by ingesting the intermediate or a paratenic (frog) host. L3 penetrate the host’s
intestine, migrate to mesenteric lymph nodes where they mature to the L5 stage,
then travel via lymphatic flow to the right heart and PAs. Adult worms are 
~20–30 mm long. The prepatent period is about 1–3 months. The adult females’
eggs hatch in the pulmonary capillaries; L1 larvae pass through alveolar and
bronchial walls, are coughed up, swallowed, and excreted in the feces. Infected
dogs may pass larvae for several years. Respiratory signs (cough, tachypnea,
dyspnea) usually predominate, but other common manifestations can relate to a
coagulopathy of variable severity, pulmonary hypertension, neurologic
abnormalities, as well as non-specific gastrointestinal signs, lethargy, or weight loss.

63 i. Severe RV wall hypertrophy (1.2 cm, diastole, compared to LV wall of 0.8 cm)
is most striking. IVS thickening is present, but exaggerated by adjacent tricuspid
valve echos. This RV hypertrophy indicates chronic, marked RV systolic pressure
overload (e.g. severe pulmonic stenosis or pulmonary hypertension).
ii. The abnormally thickened pulmonic valve (63b) exhibits systolic ‘doming’ with
incomplete opening (63c) because of fused, malformed leaflets. Diagnosis is
congenital valvular pulmonic stenosis (PS). Maximal pulmonary systolic velocity is
5 m/s (63d); estimated RV to PA systolic pressure gradient (PG) is 100 mmHg
(modified Bernoulli relationship, PG= 4 × v2). 
iii. PS with Doppler-derived gradient over 80–100 mmHg is considered severe. PS
sequelae can include RV and atrial enlargement, tricuspid regurgitation, myocardial
ischemia, arrhythmias, and right-sided congestive failure or sudden death, especially
with severe stenosis. However, signs may not develop for several years. Balloon
valvuloplasty is recommended for moderate to severe PS and may improve clinical
signs and survival. This palliative procedure is most successful with simple pulmonic
leaflet fusion, although significant systolic pressure gradient reduction is possible
with some dysplastic valves. Exercise is also restricted for moderate to severe PS.
Beta blocker therapy may help reduce myocardial ischemia and arrhythmias.
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65 A 2-year-old male mixed breed dog weighing 41 kg (90 lb) was presented for
depression and hemoptysis of 1-day duration. Cephalic intravenous sedation was
used to assess the oral cavity and larynx; no abnormalities were found. The
following day, the limb used for injection is found to be swollen and bruised.  Right
lateral (65a) and DV (65b) thoracic radiographs are taken.
i. What are the radiographic findings, and what is your diagnosis?
ii. What additional diagnostic tests will you use to confirm your diagnosis?

65a

65b
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76

65  i. The right cranial and middle lung lobes and the cranial segment of the left
cranial lobe are of increased soft tissue opacity. There is a distinct lobar border sign
between the right cranial and middle lobes, an air bronchogram (65c, arrow)
involving the right cranial lobar bronchus, and effacement of the right cranial
border of the heart. The ventral border of the cranial mediastinum shows a ventrally
directed convex contour, but there is no shift of the trachea in either view. The
radiographic diagnosis is cranial and middle lung alveolar–interstitial pattern with
etiologic differentials of pulmonary hemorrhage, bronchopneumonia, and
aspiration pneumonia.  
ii. With a history of acute hemoptysis and postvenipuncture ecchymosis there is
concern for an acquired coagulopathy, such as from anticoagulant rodenticide
toxicity. Tests for hemostasis are indicated. Prothrombin time was found to be
>120 seconds (normal 5–12 seconds) in this dog; partial thromboplastin time was
45 seconds (normal 9–19 seconds).  Further questioning of the owner revealed
exposure to brodificoum.

65c



66 A 14-year-old spayed female Labrador
Retriever is presented about 9 hours after
water submersion and subsequent resuscita -
tion. Major clinical signs are generalized
depression and tachypnea. Wheezes and crackles are heard on thoracic auscultation.
Initial pulse oximetry reading is 85%. Lateral (66a) and DV (66b) thoracic
radiographs are taken approximately 36 hours after hospital admission; earlier
radiography was deemed unsafe based on patient instability.
i. What are the radiographic findings, and are these typical in drowning cases?
ii. What are the principal pathophysiologic differences between freshwater and
saltwater drowning?
iii. What is the principal therapeutic goal for drowning patients, and how is this
achieved?
iv. What is the role of antibiotic therapy in treating drowned patients?
v. What is the prognosis for dogs that submerge in freshwater?

66a 66b
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67 A 7-year-old male Persian cat
with labored breathing and poor
appetite has a respiratory rate of
50 breaths/min, HR of 180 bpm with
an irregular rhythm, and a grade 
2/6 systolic murmur at the cranial left
sternal border. You record an ECG
(67, leads as marked, 25 mm/s, 1 cm
= 1 mV).
i. What is your ECG diagnosis?
ii. Do these findings suggest any particular cardiac abnormalities?
iii. What would you do next for this case?

67



66  i. There is a widespread alveolar pattern with prominent air bronchograms.
This is typical in the early pathophysiologic stages post drowning, although
radiographic signs may lag behind clinical signs. A mixed interstitial-bronchial
pattern may coexist or may remain as the alveolar pattern resolves. 
ii. Low-tonicity freshwater is rapidly absorbed from the airways, leading to
hypervolemia, hyponatremia, and sometimes hemolysis (with hyperkalemia,
hemo globinemia, and hemoglobinuria). However, fluid redistribution can occur
quickly, leading to pulmonary edema and hypovolemia with normal electrolyte
concentrations. High-tonicity saltwater draws fluid from the intravascular space
to increase pulmonary fluid accumulation. Freshwater interferes with surface
tension properties of pulmonary surfactant by altering its ionic composition.
Saltwater washes out some surfactant without changing the properties of
remaining surfactant. 
iii. Hypoxemia must be reversed with O2 therapy and, if necessary, positive end-
expiratory pressure or continuous positive airway pressure. 
iv. Antibiotics do not affect survival in drowned animals and can lead to resistant
organisms if bacterial pneumonia develops; therefore, antibiotic use should be
restricted to documented infections. 
v. The prognosis for dogs drowning in freshwater is good as long as respiratory
failure does not ensue. Prolonged submersion and delayed resuscitation contribute
to poorer prognosis.
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67 i. The HR is 160 bpm. The rhythm is atrial fibrillation (AF); note the lack of P
waves and rhythm irregularity. There is a left axis deviation (approximately –60°).
The QRS complexes are slightly wide at 0.04–0.05 second. 
ii. Almost all cats that develop AF have serious underlying cardiac disease with
marked atrial enlargement.A certain ‘critical mass’ of atrial tissue is needed to sustain
AF, which generally requires atrial dilation in animals of small body size. The left axis
deviation of the QRS complexes (left anterior fasicular block pattern) suggests LV
hypertrophy. Based on the ECG findings, the most likely differential diagnosis is
hypertrophic or perhaps restrictive cardiomyopathy; other considerations include
hyperthyroidism (although this cat is fairly young), chronic severe hypertension, or
longstanding congenital disease (e.g. subaortic stenosis or mitral dysplasia).
iii. Chest radiographs and echocardiography are recommended, along with BP
measurement and a routine laboratory database. This cat had hypertrophic
cardiomyopathy with pulmonary edema. For cats with hypertrophic cardiomyo -
pathy and AF, diltiazem or a beta blocker is used without digoxin. Furosemide,
benazepril, and low-dose aspirin were also prescribed.



69 A 10-year-old spayed female Boston
Terrier is presented for signs of right-sided
heart failure; pericardial effusion with
cardiac tamponade is suspected. An
echocardiogram is done (69, 1 – RV, 2 – LV,
3 – LA). A cardiac mass lesion is not
identified. Pericardio centesis is done;
definitive diagnosis of malignancy is not
possible based on cytologic charac teristics.
Thoracotomy for subtotal pericardectomy
is planned.
i. Is cardiac tamponade present?
ii. What are the likely causes of the
pericardial effusion?
iii. What intercostal space is preferred for open thorax pericardectomy, and why?
iv. What would be the advantages of thoracoscopy for treating this case?
v. What would be the disadvantages of thoracoscopy for treating this case?

69

68 A 4-year-old male Labrador Retriever from the central USA is presented for
persistent fever, despite antibiotic treatment, and chronic cough. The cough seems
to respond to prednisone, but returns once the prednisone is discontinued. The dog
is bright, alert, and responsive. Body temperature is 40°C (104.1°F). HR is 152 bpm
and respiratory rate is 60 breaths/min. Lung sounds are described as harsh.
Mandibular, right prescapular, and popliteal lymph nodes are somewhat enlarged.
Thoracic radiographs show a diffuse interstitial nodular pattern and a 4 × 4 cm
indistinct pulmonary mass in the left caudodorsal lung lobe. The cardiac silhouette,
pulmonary vasculature, and remaining structures are within normal limits. An
arterial sample is obtained for blood gas analysis (see below).

Test Result Normal Units
pH 7.483 7.31–7.42
PCO2 20.0 29–42 mmHg
PO2 56.8 85–95 mmHg
HCO3 14.7 17–24 mmol/l
Base excess -6.1 mmol/l
Total CO2 15.3 mmol/l
% Saturation 92.3 %

i. What is your interpretation of the blood gas results?
ii. What is the alveolar-arterial (A–a) gradient? 
iii. What does this mean?
iv. Identify the most likely causes for this dog’s problems.
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68 i. Marked hypoxemia with primary respiratory alkalosis and compensatory
metabolic acidosis.
ii. The A–a gradient is the difference between the partial pressures of O2 in the
alveolus (PAO2) and arterial blood (PaO2). PAO2 is estimated as fraction of inspired
O2 (FiO2) × (Pbarometric - PH2O) – PaCO2/R. R is the respiratory exchange quotient
(O2 uptake per CO2 produced), which is assumed to be 0.8. For animals breathing
room air at sea level: PAO2 = 150 mmHg – PaCO2/0.8. In this dog, estimated PAO2

is 125 and A–a gradient is 68.2 mmHg.
iii. The A–a gradient helps separate the effect of hypoventilation on measured PaO2.
In normal lungs, PAO2 should essentially equal O2 tension in the pulmonary
capillaries and, therefore, in arterial blood (PaO2). An A–a gradient ≤10 mmHg is
considered normal. Ventilation/perfusion (V/Q) abnormalities, shunt, and impaired
gas diffusion increase the A–a gradient; hypoventilation does not increase the
gradient because PAO2 is also decreased. A–a gradients >15 mmHg usually indicate
some degree of V/Q mismatch. The marked A–a gradient and hypoxemia in this dog
indicate severe pulmonary dysfunction.
iv. Systemic fungal disease, lymphoma, or other metastatic neoplasia would be most
likely. Blastomycosis was diagnosed in this dog.

69 i. Yes. Cardiac tamponade occurs when intrapericardial fluid pressure exceeds
normal right heart filling pressure. This is indicated by collapse of the RA wall
(arrow) in this diastolic image.
ii. Pericardial effusion in dogs is usually caused either by neoplasia or idiopathic
pericarditis. Hemangiosarcoma, usually involving the right auricular appendage or
other right heart structure, is the most common cardiac tumor. Aortic body tumor
is second most common and more likely in brachycephalic dogs. Mesothelioma
occurs occasionally. Pericardial effusion also occurs secondary to right-sided heart
failure, LA tear, coagulopathy, uremia, and infection from a migrating foreign body,
among other causes.
iii. Thoracotomy at the right 5th intercostal space is preferred for subtotal
pericardectomy. This approach allows better visualization for identification and
possible excision or biopsy of a RA mass, compared with a left-sided approach.
iv. Thoracoscopic surgery provides a minimally invasive approach for peri -
cardectomy. Major advantages, in the hands of an experienced operator, include
excellent visualization with less postoperative morbidity than with thoracotomy. 
v. The major disadvantages to a thoracoscopic procedure include increased patient
risk with biopsy or excision of a RA mass, if encountered. Also, a smaller area of
pericardium is excised compared to a subtotal pericardectomy performed via
thoracotomy.
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70 A 10-year-old spayed female Boston
Terrier develops signs of right-sided
heart failure. Cardiac tamponade is
identified by echocardiography and
pericardiocentesis is performed. No
cardiac mass lesion is visible by
echocardiography. Further imaging by
CT also fails to identify a cardiac mass,
but demonstrates a 1.5 cm pulmonary
mass located peripherally in the left
cranial lung lobe, as well as sternal
lymphadenomegaly. A thoracotomy is
planned to biopsy the lung mass (70)
and lymph nodes and to perform subtotal pericardectomy. 
i. What are your differential diagnoses for the mass shown?
ii. What finding would suggest a poor prognosis associated with this mass? 
iii. Which intercostal space would be preferred for thoracotomy to access this mass?

70

71 A 10-year-old castrated male Golden Retriever is presented for weakness and
abdominal distension. Physical examination findings include ascites, muffled heart
sounds, and distended jugular veins. Thoracic radiographs show an enlarged,
slightly rounded cardiac silhouette. Pericardial effusion is documented by
echocardiography. Pericardial fluid samples stained with Wright’s stain are shown
(71a, direct smear, 50× oil; 71b, cytospin preparation,100× oil).  
i. Based on the appearance of this fluid, list the most relevant cytologic differentials.   
ii. What additional tests would be useful?

71a 71b



71  i. Note the cohesive cluster of basophilic, pleomorphic, round to polygonal cells
in 71a, and the large mesothelial cell with macronucleolus in 71b. Segmented and
pyknotic neutrophils are also present (71b). Cells in this fluid display numerous
criteria of malignancy (marked anisocytosis and anisokaryosis, multinucleation,
increased and variable nuclear to cytoplasmic ratio, and macronucleoli). Their
appearance is most consistent with mesothelial cell origin, making mesothelioma a
primary differential. However, another relevant differential is marked mesothelial
cell hyperplasia, which occurs secondary to chronic fluid accumulation within body
cavities. Reactive mesothelial cells also exhibit many criteria of malignancy, thereby
mimicking neoplasia. Finally, although many cells in this sample appear to be
mesothelial (large round cells with abundant basophilic cytoplasm and a pericellular
corona), cytologic appearance alone cannot differentiate malignant mesothelial
from malignant epithelial neoplasia. Therefore, metastatic carcinoma/adeno -
carcinoma must also be considered.  
ii. A thorough physical examination and careful imaging of the thorax and
abdomen are warranted to identify any discrete masses. A CBC, chemistry panel,
and urinalysis may help determine other organ involvement. Finally, histopathology
is likely the most useful diagnostic tool to distinguish between cytologic differential
diagnoses. In this case, malignant mesothelioma was diagnosed via histopathology
at necropsy.

70  i. The most likely diagnosis for this mass is primary pulmonary adeno -
carcinoma; other primary lung tumors include squamous cell carcinoma, anaplastic
carcinoma, and adenoma. Topographically, primary lung carcincomas are described
as bronchogenic, bronchoalveolar, or alveolar. The histologic diagnosis in this case
was bronchogenic carcinoma. 

Other considerations could include a metastatic pulmonary neoplasm or fungal
granuloma; however, multiple lung masses would be more characteristic of these
conditions than a single mass. Rarely, a pulmonary cyst or abscess could create a
similar appearance. 
ii. The most consistent predictor of remission and survival time for primary lung
tumors is the presence or absence of metastasis to tracheobronchial lymph nodes.
In this case, a tracheobronchial lymph node was positive for bronchogenic
carcinoma, although enlargement was more obvious in the sternal lymph nodes,
which also contained metastatic bronchogenic carcinoma.
iii. The left 5th intercostal space was chosen for the surgical approach here, because
this space allows convenient access to the base of the left lung lobes in case a
complete pulmonary lobectomy is required.
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72 An 8-year-old neutered male
Springer Spaniel is referred for a cough
of 3-month duration. Initially, the cough
was dry, harsh, and occasionally
accompanied by retching. Two weeks
later the cough had become productive
and the dog appeared lethargic. One
week before referral, the dog rapidly
became depressed, dyspneic, and febrile
(39.8°C [103.6°F]). Amoxicillin–clavu -
lanate was prescribed and all clinical
signs except the cough improved greatly.

At presentation the dog is bright,
alert, fully responsive, and moderately
overweight. Rectal temperature is
normal. A cough can be elicited easily by
tracheal palpation. On auscultation,
rhonchi are heard occasionally during
coughing. No other abnormalities are
detected. Hematology and routine
serum biochemistry tests are normal.
Fecal examination is negative for gastro -
intestinal parasites and lung worms.
Thoracic radiographs are obtained
under general anesthesia with the lungs
manually inflated (DV view shown,
72a). 

Bronchoscopy (72b) and BAL are
performed. No bronchial foreign body is observed. BAL fluid contains many well-
preserved cells, including numerous well-differentiated ciliated columnar epithelial
cells, a large population of pyknotic neutrophils, numerous foamy activated alveolar
macrophages, and scattered goblet cells and small lymphocytes. Free cilia, mucus,
and mucin granules are noted in the background. No infectious agents are seen.
There is no significant aerobic or anaerobic bacterial growth.
i. What is the clinical interpretation of the radiographic abnormalities?
ii. Which abnormalities are evident on the bronchoscopy image and BAL cytology?
iii. What is your diagnosis?
iv. How would you manage this case?

72a

72b

73 What is the modified American Heart Association/American College of
Cardiologists (AHA/ACC) heart failure staging system?
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73 This method of heart failure (HF) staging is based on an AHA/ACC system. The
guidelines focus on the importance of early diagnosis and progressive nature of
cardiac disease. Because edema and effusions are not always clinically evident, this
classification does not emphasize the term ‘congestive’, although patient fluid status
is important. The four stages are:
A Patient ‘at risk’ for developing heart disease, but cardiac structural

abnormality is not yet apparent.
B Structural cardiac abnormality (e.g. murmur) is evident, but no clinical signs

of HF have occurred.
B1: Normal heart size (no or minimal signs of hemodynamic compromise). 
B2: Cardiac remodeling and enlargement are now evident.

C Structural cardiac abnormality, with past or present clinical HF signs.
D Persistent or end-stage heart failure, signs refractory to standard therapy.

72  i. A diffuse bronchial pattern with some bronchiectasis is seen. The right middle
lung lobe appears consolidated. The caudal right lobe contains a mixed
interstitial/alveolar pattern. Bronchopneumonia is suspected based on history and
physical findings. The bronchial pattern is consistent with chronic bronchial disease,
which can predispose to secondary infection.
ii. Bronchial mucosal edema and hyperemia, with excessive mucus production are
seen. Several mucus plugs were found in primary and secondary bronchi, especially
on the right (72b). BAL cytology indicates a neutrophilic bronchitis; prior antibiotic
therapy likely accounts for the negative culture results. 
iii. Chronic bronchitis (CB). An episode of secondary infection probably occurred,
although not confirmed. Other CB complications can include occult parasitism and
mycoplasmal infection. CB is often recognized only when advanced. Its causes are
poorly understood; bronchial damage from chronic environmental irritant
exposure, as well as genetic factors, may predispose to CB.
iv. Goals are to control coughing, relieve airway obstruction, and slow disease
progression. Inhaled irritant (e.g. cigarette smoke, mold) exposure should be
minimized. Saline nebulization, coupage, and mild exercise help mobilize bronchial
mucus. Inhaled steroids (e.g. fluticasone) reduce local airway inflammation and
excessive mucus production, with minimal systemic side-effects. Secondary bacterial
infection is a potential complication with CB.
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75 A 13-year-old female Golden Retriever was
seen by another veterinarian for lethargy, labored
breathing, vomiting, and anorexia. Pleural effusion
was identified. Furosemide (50 mg q12h) and
enalapril (15 mg q24h) were prescribed. Today the
dog is bright, alert, and panting. Body temperature
is 38.5°C (101.4°F) and HR is 120 bpm. Lung
sounds are normal on auscultation; heart sounds
are soft, but no murmur is heard. Blood for CBC
and serum chemistries is obtained. Thoracic
radiographs indicate moderate cardiomegaly with
minimal pleural effusion. An ECG is recorded (75,
leads as marked, 25 mm/s, 0.5 cm = 1 mV).
i. What is your ECG interpretation?
ii. Are any underlying abnormalities suggested by
the ECG?
iii. What test(s) do you recommend next?

75

74 A 2-year-old neutered male mixed breed
dog weighing 8.6 kg (19 lb) was hit by a car 
2 days ago. Initial post-trauma evaluation 
was unremarkable, but since then the dog 
has vomited several times and appears un -
comfortable. Physical examination reveals a tense, painful abdomen, but no other
abnormalities. Combination thorax and cranial abdomen radiographs are made
(74a, b).
i. What are the radiographic findings? 
ii. What is the radiographic diagnosis?

74a 74b
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75 i. The HR is 100 bpm, with sinus rhythm. The electrical axis and complex
measurements are normal. The ST segment is slightly elevated (~0.2 mV) in the
caudal leads.
ii. The ST segment begins at the end of the QRS complex (‘J’ point) and blends into
the T wave (without clear demarcation) in dogs and cats. ST segment deviation
from the isoelectric baseline can result from abnormal ventricular repolarization
(from myocardial ischemia or other injury) or be secondary to abnormal
depolarization (from ventricular hypertrophy, aberrant conduction, or certain drug
effects). ST segment elevation >0.15 mV in dogs (>0.1 mV in cats) or depression
>0.2 mV in dogs (>0.1 mV in cats) is considered abnormal. ST segment elevation
in the caudal leads (II, aVF, III) can occur with pericarditis, LV epicardial injury,
right ventricular ischemia/endocardial injury, transmural infarction, myocardial
hypoxia, and digoxin toxicity, or secondary to ventricular hypertrophy or
conduction disturbance.
iii. Echocardiography is indicated. Cardiac biomarker assay could be helpful, if
echocardiographic findings are equivocal. Increased circulating cardiac troponin I
indicates myocardial cell membrane injury or necrosis. Plasma brain natriuretic
peptide, or its precursor NT-proBNP, is a non-specific functional marker of cardiac
disease, especially chronic ventricular dysfunction.

74  i. There is increased soft tissue/fluid opacity to the thoracic cavity. Additionally,
circular and tubular-shaped gas-filled structures are evident, particularly in the
cranioventral and right lateral regions, extending to the 3rd intercostal space. The
ventral and right half of the diaphragm, much of the cardiac border, and the caudal
vena cava are effaced. Within the cranial abdomen is a gas shadow, located
cranioventrally, with poor delineation of the ventral hepatic border.
ii. The radiographic diagnosis is traumatic right-sided diaphragmatic hernia with
intrathoracic displacement of small bowel and, probably, portions of the liver. The
radiographic appearance here is diagnostic for diaphragmatic hernia. No further
diagnostic imaging is needed in this patient. In less obvious cases, barium oral
contrast to define the position of the gastrointestinal tract, abdominal ultrasound,
and positive-contrast celiography are additional diagnostic imaging procedures that
can be used to establish the diagnosis of diaphragmatic hernia.
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76 An echocardiogram is done on the dog in case 75. Images from the right
parasternal long axis (76a) and short axis (76b) views are shown. 1 – RV, 2 – RA,
3 – LV, 4 – LA, 5 – Ao.
i. What is shown in the images?
ii. What is the most likely etiology?
iii. What are your recommendations?

76a 76b

77 A 10-year-old spayed female DSH cat develops epi sodes of ‘falling over’. The
cat would seem to be acting nor mally, then suddenly stop moving, appear dazed,
fall onto its side, and shortly thereafter jump upright quickly and appear normal
again. The owner is especially concerned because the cat has fallen off furniture,
stair rails, and from the top of the refrigerator. Physical examination is
unremarkable. A 24-hour ambulatory ECG (Holter) is recorded (77). Two channels
are recorded simultaneously. The top part (with visible grid) is an enlarged segment
from the longer time period shown at the bottom.
i. What ECG rhythms are seen on this Holter ECG? 
ii. Could the clinical signs be attributed to ECG events in this cat? 
iii. What other tests would be helpful? 
iv. What are the management options?
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77  i. The first four complexes in the upper strip are normal sinus complexes.
Nineteen non-conducted P waves follow without ventricular activity. This is high-
grade second degree AV block (multiple non-conducted P waves in succession). 
A ventricular escape complex finally occurs, followed by a short paroxysm of
ventricular tachycardia. Intermittent second degree AV block follows (bottom strip). 
ii. High-grade second degree AV block, with prolonged ventricular asystole, can
cause syncope as cardiac output falls. Ventricular escape activity can be delayed
when AV block is sporadic, as in this case.
iii. Echocardiography is indicated to screen for organic heart disease. Hypertrophic
(or other) cardiomyopathy can be associated with heart block, as can myocardial
ischemia, infarction, fibrosis, and infiltrative disease.
iv. Pacemaker implantation is generally indicated for symptomatic AV block.
However, the transvenous approach has been associated with pleural effusion
development in cats. Anticholinergic drugs are often unhelpful. Diltiazem and atenolol
can worsen AV block. Interestingly, many cats with complete AV block are
asymptomatic because of a consistent ventricular escape rate high enough to sustain
normal (indoor) activity. This cat’s owner refused further tests and treatment.
Eventually the cat stopped collapsing and was reportedly doing well several years
later when an ECG showed complete AV block with steady ventricular escape rhythm.

76 i. A large, soft tissue mass has invaded the lateral right AV junction. The mass
may partially obstruct right ventricular inflow, contributing to the pleural effusion.
A small pericardial effusion is present.
ii. Hemangiosarcoma (HSA) is the most common heart tumor in dogs. Cardiac
HSA usually involves right heart structures, most often the right auricular
appendage. Depending on location or size, cardiac tumors can cause impaired
cardiac filling from pericardial effusion and tamponade, inflow or outflow
obstruction, arrhythmias, myocardial dysfunction, or a combination. Middle-aged
to older dogs are affected most often; 10–15 year olds have the highest occurrence
rate. Spayed females appear to have greater risk than intact females. Golden
Retrievers have a higher risk for HSA than the general dog population.
iii. The prognosis is poor. Risks of metastasis and tumor bleeding with cardiac
tamponade are high. This mass’s size and location preclude surgical excision; biopsy
might be possible. Most cardiac tumors are resistant to chemotherapy, but some
show temporary response. Subtotal pericardiectomy could prevent cardiac
tamponade, and secondary thoracic metastasis does not appear to affect survival
time. Balloon pericardiotomy is not recommended because HSA can bleed
excessively if abraded during the procedure. Supportive care is given, with
pericardiocentesis for signs of tamponade.
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79 A newly adopted 5-month-old female
Australian Shepherd Dog is seen for routine
health examination. She has a loud cardiac
murmur. Chest radiographs are obtained
(79a, lateral; 79b, DV). 
i. Describe the radiographic findings.
ii. What is your diagnosis?
iii. What are your recommendations?

78 A 4-year-old spayed female mixed
breed dog developed fever, anorexia,
greenish mucoid stools, and raspy lung
sounds approximately 36 hours follow -
ing a dental procedure. The dog is
febrile, tachycardic, and tachypneic on
physical examination. Thoracic radio -
graphs reveal pleural effusion and a
possible focal opacity in the left caudo -
dorsal lung field. Thoracocentesis is
attempted, but only about 2 ml of a red,
cloudy fluid is obtained. Samples are
submitted for cytologic evaluation (78, cytospin preparation using Wright’s stain,
100× oil) and culture/sensitivity.
i. Give a cytologic diagnosis based on the findings in the figure.
ii. In view of the patient’s history, what considerations should be given to selection
of an antimicrobial agent(s)?

78

79a 79b
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79 i. Cardiomegaly (VHS ~13.7 v) with left heart prominence is seen. There is a
large ‘ductus bump’ in the cranial descending aorta (large arrow, 79c), as well as a
left auricular (LAu) bulge (small arrow) and a small main PA (arrowhead) bulge.
The slight apex shift towards the right hemithorax is incidental. Enlarged
pulmonary lobar arteries and veins indicate pulmonary overcirculation.
ii. Left-to-right shunting patent ductus arteriosus (PDA) without congestive heart
failure (CHF) at present. The triad of PA, aortic, and LAu bulges (sometimes
nicknamed ‘PAL’) on DV view is a classic finding, but infrequently seen all together.
Dogs with PDA are often asymptomatic when first diagnosed, although reduced
exercise ability, tachypnea, or cough is sometimes reported. PDA prevalence is much
greater in females than males.
iii. Auscultation should confirm the characteristic continuous murmur; hyperkinetic
arterial pulses are also typical. Nevertheless, echocardiography is recommended to
screen for concurrent defects or valve insufficiency, confirm PDA diagnosis, estimate
pressure gradient across the ductus, and evaluate myocardial function. PDA closure
is recommended, either by a transcatheter occlusion procedure or open-chest
surgery. Without ductal closure, gradual myocardial function deterioration,
arrhythmias, and CHF are expected. After ductal closure, life span is usually
normal.

79c

78  i. Increased numbers of neutrophils (predominantly degenerate in appearance)
with phagocytized bacteria of mixed morphology (short rods, chaining to
filamentous rods) are present, as well as some reactive large mononuclear cells. The
cytologic diagnosis is neutrophilic inflammation with bacterial sepsis.
ii. The history of a recent dental procedure raises the concern for anaerobic bacterial
infection. Therefore, a broad-spectrum antibiotic and/or one with specific anaerobic
activity should be chosen while awaiting culture/sensitivity results. Antimicrobial
therapy can then be changed if necessary. In this particular case, both Escherichia
coli and Bacteroides spp. were isolated from the pleural fluid sample, and a
diagnosis of embolic pneumonia with secondary pyothorax was made.

90

78, 79: Answers



81 A 4-month-old female mixed breed dog
weighing 11.4 kg (25 lb) was found hanging
from a deck by its leash after being
unobserved for 15–30 minutes. The dog was
unconscious, but was resuscitated by the owner. On presentation, the dog is alert
and responsive. Lung sounds are increased on the right side. Right lateral (81a) and
DV (81b) radiographs are made.
i. What is the concern relative to the thoracic cavity in this patient?
ii. Are there radiographic abnormalities present, and if so, what are they?

80 A 5-month-old Australian
Shepherd Dog is examined for
a loud cardiac murmur. An
ECG is recorded as part of the
diagnostic evaluation (80, leads
as marked, 25 mm/s, 1 cm =
1 mV).
i. What is your ECG inter -
pretation?
ii. Are any enlargement criteria
evident?
iii. What conditions are most
likely to cause these findings?

80

81a 81b
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80 i. HR is 140 bpm, with sinus rhythm and atrial premature complexes in a
bigeminal pattern (a premature complex follows each sinus complex). The
premature P’ waves are superimposed on preceding T waves. Sinus P waves
(0.05 second) and QRS complexes (0.08 second) are widened; markedly increased
R wave amplitude (4.8 mV) is seen in lead II. Other measurements and electrical
axis are normal.
ii. Yes. Wide P waves suggest LA enlargement. Increased R wave amplitude with
normal electrical axis is the classic LV dilation pattern; QRS widening can occur
with ventricular enlargement or intraventricular conduction disturbance.
iii. Congenital patent ductus arteriosus or mitral dysplasia with severe valve
insufficiency would be most likely in young dogs. Acquired (degenerative) mitral
valve insufficiency is another common cause of markedly increased R wave
amplitude and widened P waves. Atrial tachyarrhythmias, including frequent
premature beats, atrial tachycardia, and atrial fibrillation, are more likely when
atrial enlargement develops. The arrhythmia was not specifically treated in this case
as it did not persist or worsen. More frequent atrial premature beats or paroxysmal
atrial tachycardia can be treated with diltiazem, a beta blocker (e.g. atenolol), or
digoxin, or a combination of digoxin and diltiazem or beta blocker.

81  i. Strangulation causes fixed upper airway obstruction. This can result in the
development of non-cardiogenic (negative pressure) pulmonary edema. During
strangulation, intense negative intrathoracic pressure develops. This leads to
increases in venous return, pulmonary blood volume, and pulmonary capillary
hydrostatic pressure, along with concurrent decreases in pulmonary interstitial
hydrostatic pressure. These changes culminate in increased fluid leakage across
pulmonary capillary membranes. A hypoxia-induced hyperadrenergic state may
further contribute to the increased pulmonary vascular volume and capillary
permeability.

In addition to the air flow obstruction, compression of the cervical arteries and
veins further compromises central nervous system viability. If the strangulation is
associated with a fall or suspension from a substantial height, hyoid fracture,
laryngeal or tracheal injury, and cranial cervical spine injury may be possible and
complicate the clinical signs.
ii. A bilaterally symmetric caudal dorsal alveolar pulmonary pattern is present. The
changes are most intense in the central and dorsal peripheral zones of these lobes.
The lateral and ventral peripheral regions are relatively spared. These findings are
typical of non-cardiogenic pulmonary edema.
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82 A 2-year-old Springer Spaniel living
on a farm developed an intermittent,
moist cough about 1 month ago.
Anorexia, lethargy, and a 10 kg (22 lb)
weight loss have since occurred. Treat -
ment with cephalexin and enrofloxacin
were helpful, but not curative; those
antibiotics were discontinued yesterday.
The dog appears moderately depressed.
Body temperature, HR, and respirations
are within normal limits, but mucous
membranes are pale and capillary refill
time is slightly prolonged (~3 seconds).
Harsh lung sounds and pulmonary
crackles are heard bilaterally. Tracheal
palpation elicits a moist cough.
Prescapular lymph nodes and the left
popliteal lymph node are moderately
enlarged. A hemogram shows mild
anemia (hematocrit 0.33 l/l [33.5%])
and leukocytosis (WBC 39.26 × 109/l
[103/μl]), with a mature neutrophilia
(34.55 × 109/l [103/μl]) and monocytosis
(1.96 × 109/l [103/μl]). Serum bio -
chemistries and urinalysis are unremark -
able. Thoracic radiographs reveal mixed
bronchiolar–alveolar infiltrates, especi -
ally in ventral regions, with a concurrent
nodular interstitial pattern. There is a
pronounced increase in perihilar opacity and the dorsal tracheal margin appears
thick and undulating. The cardiac silhouette is normal (VHS 10.6 v). Needle
aspirates of the enlarged peripheral lymph nodes are non-diagnostic. Bronchoscopy
(82a, b) is performed. BAL cytology shows mostly degenerate and pyknotic
neutrophils with rare macrophages; no infectious agents are identified. 
i. What findings are shown in the bronchoscopic images?
ii. What differential diagnoses should be considered?
iii. How would you proceed with this case?

82a

82b

83 What is sildenafil, and what are its cardiopulmonary indications?
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83 It is a selective phosphodiesterase-5 inhibitor that enhances nitric oxide-
dependent pulmonary vasodilation by increasing cyclic guanosine monophosphate
concentrations. Sildenafil has been used to treat severe pulmonary hypertension
(e.g. from chronic respiratory disease or congenital shunts); it may also be helpful
in managing dogs with pulmonary hypertension from chronic left-sided heart
failure. Doses of 0.5–2.0 (or even up to 3.0) mg/kg q12h or q8h appear to be well-
tolerated in dogs and have resulted in decreased Doppler-estimated PA pressures
as well as improved clinical signs and exercise tolerance. Adverse effects can include
cutaneous flushing and nasal congestion. Other adverse effects reported in people
include headache, priapism, and myalgia.

82 i. The airway mucosa appears diffusely thickened with areas of ulceration. 
A mass-like thickening is present in the trachea. Thick mucoid secretions were also
seen.
ii. The weight loss, lymphadenopathy, and hemogram abnormalities suggest chronic
systemic inflammatory response. Given the radiographic findings, differentials
include fungal or parasitic pneumonia (in endemic regions) or neoplasia such as
lymphoma. The ventral alveolar pattern suggests possible concurrent aspiration
pneumonia. The tracheal thickening could represent a granuloma, abscess, polyp,
or neoplasia such as lymphoma. BAL cytology indicates purulent exudate of
unknown etiology; previous antibiotic therapy may have suppressed evidence of
bacterial cause.
iii. BAL fluid should be cultured and the tracheal thickening biopsied. Fungal
antigen testing or fecal tests for pulmonary parasites may be helpful. Lung biopsy
may be necessary for definitive diagnosis. Supportive care would include broad-
spectrum antibiotic therapy while awaiting culture results, nebulization to improve
airway hydration, and coupage to help mobilize secretions. In this dog, cultures for
aerobic and anaerobic bacteria, mycoplasma, and fungal growth were negative.
Blastomyces spp. antigen and Baermann fecal tests were negative. Biopsy showed
necrotic cellular debris, many neutrophils, and no infectious agents. Stratified
squamous epithelium, atypical for the trachea, suggested a metaplastic/dysplastic
response. Although not clearly malignant, neoplasia was suspected. Lung biopsy
was not permitted.
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84 A 7-year-old female mixed breed dog
weighing 33 kg (72 lb) is presented as an
emergency several hours after being hit by an
automobile. The major presenting signs are
increased respiratory effort and tachycardia.
Lung sounds are absent over the left caudal
lung field and there is abdominal pain on
palpation. Thoracic and abdominal radio -
graphs are consistent with the abnormality seen
in these intraoperative photographs (84a, initial
appearance; 84b, after tissue manipulation).
The dog was stabilized for approximately 
36 hours prior to ventral midline celiotomy. 
i. What is the diagnosis?
ii. What is the rationale for waiting 36 hours
before performing surgery? Should such a delay
be routine for dogs with this diagnosis?
iii. What is the name of the retractor illustrated
in these photographs, and how does it help or
hinder the surgery?
iv. Should the edges of the damaged structure
be trimmed before repairing it with sutures?
Why or why not?
v. Why is this condition susceptible to re-
expansion pulmonary edema, and what is done
to minimize the chance of this complication?

84b

84a

85 A new client presents a 16-month-old spayed female Rottweiler for vaccination.
The owner thinks the dog’s exercise tolerance is reduced lately. As a puppy, a soft
murmur had been noted, but it was thought of little concern. The dog is alert, with
a coarse haircoat and slight build. Body temperature is normal, HR is 120 bpm, and
respirations are 30/min. Mucous membranes are pink. Femoral pulses are slightly
weak. Precordial palpation and jugular veins are normal. On auscultation, a
murmur is heard in both systole and diastole; the point of maximal intensity is at
the left base. The systolic murmur is louder, but it seems to taper quickly and the
second heart sound (S2) can be heard. Lung sounds are normal.
i. What is/are the likely cause(s) of the murmur?
ii. What test(s) would you recommend next?
iii. Could the murmur noted when the dog was young be related to the present
condition? 
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84  i. Traumatic diaphragmatic hernia (84a: omental fat and part of the liver lie
across the diaphragmatic tear; 84b: after abdominal contents are repositioned).  
ii. Surgical correction is indicated as soon as the animal is stable. It required 
36 hours to stabilize this case for surgery, but this long a delay should not be
routine. Although older literature reports higher mortality rates when surgery
occurs within 12 hours of trauma compared with later, more recent literature
suggests that patient stability is the key factor.
iii. A Balfour retractor. While this instrument is helpful for abdominal exploration,
it can interfere with diaphragmatic repair. 
iv. The rent edges should not be trimmed, except to excise obviously necrotic tissue.
Trimming causes unnecessary bleeding and re-initiates the inflammatory process.
Necrotic areas are excised to minimize inflammatory reaction and avoid placing
sutures in tissue that will not heal.
v. Rapid lung re-expansion by manual or mechanical positive-pressure ventilation
physically stresses the pulmonary microvasculature, which is relatively inflexible
due to lung collapse. Pulmonary capillaries become leaky from this iatrogenic
trauma and reperfusion injury may also ensue, leading to pulmonary edema. 
Re-expansion pulmonary edema can be avoided by gently applying positive-
pressure ventilation and allowing the lungs to re-expand slowly and naturally.

85 i. A murmur heard in both systole and diastole is most often a ‘continuous’
murmur, characteristic for patent ductus arteriosus. However, the rapidly tapering
systolic component and audible S2 in this case is not typical for a continuous
murmur. Rather, it is the so-called ‘to-and-fro’ murmur, comprised of mid-systolic
(ejection) and diastolic decrescendo murmurs. With the to-and-fro murmur, the
ejection murmur component tapers in late systole, allowing the S2 to be heard as a
distinct sound. The most common cause of a to-and-fro murmur is the combination
of subaortic stenosis (SAS) and aortic insufficiency. Continuous (machinery)
murmurs increase in intensity throughout systole and continue through S2 into
diastole. They result from a continuous pressure gradient throughout the cardiac
cycle. Occasionally, holosystolic and diastolic decrescendo murmurs occur together
(e.g. with ventricular septal defect and aortic insufficiency).  
ii. Chest radiographs and Doppler echocardiography are indicated to assess cardiac
and pulmonary structures. Because infective endocarditis is a likely cause of aortic
insufficiency, CBC, serum chemistries, and other laboratory tests (e.g. cultures,
titers) are indicated to search for etiology and other sequelae of endocarditis.
iii. Yes. Considering the dog’s age and breed, congenital SAS with secondary aortic
endocarditis is likely. 
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86 Chest radiographs and an echo -
cardiogram are obtained on the dog in
case 85. Radiographs show moderate
cardiomegaly, with LA and LV promi -
nence. Echocardiographic findings from
the right parasternal position are shown
(86a, long axis in systole; 86b, short axis
in diastole; 86c, long axis in diastole). 
1 – LV, 2 – RA, 3 – Ao, 4 – LA.
i. Describe the abnormalities seen in the
figures.
ii. What is your diagnosis?
iii. What do you recommend to the
owner of this dog?

86a 86b

86c

87 A 3-month-old Labrador
Retriever with a cardiac murmur, is
weak and slightly tachypneic on
presentation. Mucous membranes are
pale, HR is rapid, and pulses are
weak. An ECG is recorded (87, leads
as marked, 25 mm/s, 1 cm = 1 mV).
i. What is your ECG interpretation?
ii. What would you do next for this
case?
iii. What congenital heart defect is
most likely in this case?
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87 i. HR is 370 bpm, with sustained supraventricular tachycardia (SVT, note
narrow, upright QRS complexes). Underlying mechanisms can include re-entry
involving an accessory pathway and/or AV node, or an ectopic automatic focus in
atrial or junctional tissue. 
ii. Rapid SVT compromises hemodynamic stability. Stress and activity should be
minimized. A vagal maneuver may slow or interrupt the tachycardia and aid in
identifying its mechanism. Vagal maneuvers involve carotid sinus massage (gentle
continuous pressure over carotid sinus region caudodorsal to larynx) or bilateral
ocular pressure (over closed eyelids) for 15–20 seconds. The latter technique is
contraindicated in animals with ocular disease. Although a vagal maneuver may
initially be ineffective, if the rhythm disturbance persists after antiarrhythmic drug
administration, repeating it may help. IV fluid administration helps support BP and
reduce sympathetic tone; caution is needed if congestive heart failure is suspected.
IV diltiazem is the drug of first choice for SVT. If ineffective, alternatives include
lidocaine (occasionally effective), propranolol or esmolol slowly IV (with caution
because of negative inotropic effect), IV procainamide, amiodarone or sotalol (PO),
or IV digoxin (not usually recommended). 
iii. Tricuspid dysplasia (TD). Heritability has been shown in Labrador Retrievers.
Ventricular pre-excitation may be more prevalent with TD.

86 i. LV hypertrophy suggests chronic systolic pressure overload. The subaortic
region is narrowed. Hyperechogenicity of the septum and subendocardial LV wall
is consistent with myocardial fibrosis. There are several bright nodules on the aortic
valve leaflets. The LA is moderately dilated. 
ii. Congenital subaortic stenosis (SAS), likely severe. The aortic leaflet nodules
suggest aortic valve endocarditis, probably chronic as there was no fever or history
of systemic illness. SAS predisposes to aortic valve endocarditis because of jet lesion
injury to the valve. Severe SAS often leads to compromised myocardial perfusion,
ischemia, and fibrosis. Concurrent aortic or mitral valve regurgitation also imposes
a volume overload on the LV. Complications include arrhythmias, syncope,
congestive failure, and sudden death. 
iii. Exercise restriction and beta blockade (e.g. atenolol) are recommended with the
aim of reducing myocardial O2 demand and arrhythmias. Prophylactic antibiotic
therapy is advised prior to procedures likely to cause bacteremia (e.g. dentistry). 
A broad-spectrum bactericidal antibiotic was recommended for 6–8 weeks in this
case because endocarditis was suspected. Therapy for heart failure may be needed.
Related dogs should be screened for SAS. 
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89 A 5-year-old neutered male DSH cat is
presented with a 2-week history of rapid
breathing that is becoming worse. A diagnosis
of feline asthma is suspected. Right lateral
(89a) and DV (89b) radiographs are shown.
i. Are the radiographic changes consistent
with feline asthma?
ii. What are other differentials for these
changes?

88 A 4-month-old female Chow
Chow is presented for examination.
She had been acting normal and
eating well, but lately seems to be
getting out of breath more easily
when playing. The puppy is alert,
excited, and panting. A systolic heart
murmur, loudest at the cranial right
sternal border, and increased breath
sounds are heard on auscultation;
otherwise the physical examination is
unremarkable. Among other pro -
cedures, a selective angiocardiogram
is done (88a).
i. Where is the catheter positioned?
ii. What abnormality is shown in this image?
iii. Are the dog’s physical examination findings consistent with this?
iv. What are the long-term consequences of this abnormality?

88a

89a 89b
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88 i. The catheter was inserted into a
carotid artery and passed through the
ascending aorta into the LV (88b). 
1 – LV, 2 – Ao, 3 – RV outflow tract, 
4 – PA.
ii. Radiopaque dye injected into the LV
flowed to the aorta, but also into the RV
outflow tract and PA, indicating a left-
to-right shunting ventricular septal
defect (VSD).
iii. Yes. The usual VSD location is in the
membranous part of the septum, just
below the aortic valve and septal
tricuspid leaflet.Turbulent flow through
the VSD is thus oriented from left base
toward the right and ventrally. 
iv. Smaller (restrictive) defects are often well tolerated and without clinical signs;
some even close spontaneously. Moderate- to large-size defects lead to left heart
volume overload and, sometimes, pulmonary edema. Very large VSDs also cause RV
enlargement, with both ventricles as a common chamber. Pulmonary hypertension
with shunt reversal is more likely with very large defects. Aortic regurgitation also
occurs with some VSDs, likely because of inadequate aortic root support. Aortic
regurgitation imposes an additional LV volume load.
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89  i. The distribution and intensity of the pulmonary opacity in the hilar and
cranial regions are not typical of feline asthma. Common radiographic findings of
asthma are thickened bronchial walls, lung hyperinflation from air trapping, and
collapse of the right middle lung lobe. This patient has severe parenchymal disease
as evidenced by the air bronchogram summated (superimposed) with the heart in
the lateral view.  
ii. Pneumonia and pulmonary edema are more differentials. This patient did not
respond to diuretic therapy or antibiotics. The cat did not survive and was found
to have pyogranulomatous pneumonia with lipid-filled macrophages in the alveoli.
Lipid globules surrounded by inflammatory cells were randomly distributed in the
pulmonary parenchyma. Aspiration of lipid was the suspected cause.
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90 A 4-year-old male neutered DSH cat
is presented for sudden development of
tachypnea with increased abdominal
effort. HR is 160 bpm, with a regular
rhythm. Bilateral jugular pulsation is
noted on examination. Both femoral
pulses are strong and regular. Wheezes
and crackles, loudest over the cranial
lung region, are heard on thoracic
auscultation. Cardiac auscultation and
other examination findings are normal.
Systolic BP is 125 mmHg. Serum bio -
chemical tests show mildly elevated
blood urea (10.3 mmol/l [28.9 mg/dl];
normal 3.5–8.0 mmol/l [9.8–
22.4 mg/dl]). Chest radiographs show
generalized cardiomegaly (VHS 9.5 v)
with mild pleural effusion, pulmonary
venous congestion, caudal vena cava
distension, and a patchy alveolar pattern.
An echocardiogram is obtained (2-D
right parasternal long axis view, 90a; 
M-mode at ventricular level, 90b). 
1 – RV, 2 – RA, 3 – LV, 4 – LA.
i. What is your interpretation of the radiographic findings? 
ii. What abnormalities are shown on the echo images? 
iii. What therapy would you use at this time?

90a

90b

91 What is sotalol, and when is it indicated?
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90  i. The radiograph findings are consistent with biventricular congestive heart
failure.
ii. The 2-D image shows biatrial enlargement (LA = 2.1 cm) and suggests
biventricular hypertrophy. LV and IVS hypertrophy is confirmed on M-mode
(LF1b). LV chamber size and systolic function are normal. Mild pericardial and
pleural effusions were also seen. 
Echo measurements:

Diastole (cm) Systole (cm)
IVS 0.9 0.9 
LV chamber 1.4 0.7 
LV wall 0.8 1.0 
FS 50% (40–66%)

Hypertrophic cardiomyopathy (HCM) is diagnosed when other causes of LV
hypertrophy (e.g. fixed LV outflow obstruction, hypertension, hyperthyroidism,
acromegaly) are absent. HCM, the most common feline myocardial disease, is
characterized by idiopathic LV hypertrophy (symmetric or asymmetric) without LV
dilation. Both ventricles are involved in some cases. Hypertrophy increases
ventricular stiffness and, consequently, filling pressure, which can lead to pulmonary
venous congestion and effusions.
iii. Congestive signs are treated with furosemide PRN. For long-term therapy, oral
furosemide is given at the lowest effective dose. Although angiotensin-converting
enzyme inhibitor, diltiazem, or beta blocker therapy is often prescribed, convincing
evidence for long-term benefit is presently lacking. Spironolactone may reduce the
hypokalemia from long-term furosemide therapy. Antiplatelet therapy is also
recommended.

91 Sotalol HCl is a non-selective beta blocker with class III antiarrhythmic effects
at higher doses (via repolarizing K+ channel blockade). It is used mainly for
ventricular tachyarrhythmias. Its beta-blocking effects (from the l-isomer) are
important to sotalol’s antiarrhythmic effectiveness. Sotalol has minimal
hemodynamic effects, although it can cause hypotension or worsened myocardial
function. Sotalol can be proarrhythmic (as can all antiarrhythmic agents), although
clinically used doses in dogs may mainly produce beta-blocking effects. Other
adverse effects can include depression, nausea, vomiting, diarrhea, and bradycardia.
Occasional anecdotal reports exist of aggression that resolved after discontinuing
sotalol.
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92 A 2-year-old male Lhasa Apso is
presented for progressively worsening
exercise intolerance and weakness. The
dog’s tongue appears bluish after mild to
moderate activity. No murmur is heard,
but right-sided heart enlargement is
evident radio graphically. A sample of
the dog’s blood spun in a hematocrit
(Hct) tube is shown (92).
i. What can cause such a high Hct
reading?
ii. What are the consequences of erythrocytosis (polycythemia)?
iii. How could erythrocytosis be managed in this case?
iv. What adverse effects are common with this therapy?

92

93 A 2-year-old male Beagle is presented for
a 5-day history of lethargy, gagging, and
coughing. The owner previously noticed
masses on the dog’s neck and the medial right
thigh. On physical examination, temperature,
pulse, and respiratory rate are normal.
Thoracic auscultation is normal. No cough
can be elicited, although the dog gags several times during examination. The left
submandibular lymph node is prominent. Several subcutaneous masses are found
on various parts of the body. Both third eyelids are protruding. Right lateral (93a)
and DV (93b) radiographs are taken.
i. What are the causes of ventral deviation of the thoracic trachea?
ii. How can the radiographic changes be correlated with the history and physical
examination findings?

93a 93b



93  i. The most common cause of ventral deviation of the thoracic trachea is a
dilated esophagus. This can develop for various reasons. The anatomic structures
dorsal to the trachea are the esophagus, fascial tissue of the mediastinum,
tracheobronchial lymph nodes, longus coli muscle, cervicothoracic ganglion, and
thoracic vertebrae. The esophagus is the structure most frequently affected by
disease that will cause sufficient enlargement to displace the trachea. However,
enlargement of other tissues in the area dorsal to the trachea (e.g. caused by an
abscess, granuloma, or tumor) may also displace the trachea.
ii. The compressive effect of the craniodorsal mediastinal mass is the likely cause of
both the gagging and coughing. The thoracic tracheal diameter is visibly reduced
compared to that of the cervical trachea. Third eyelid protrusion can be caused by
a number of conditions including Horner’s syndrome. It is possible that the mass is
impinging on, or causing inflammation or entrapment of, the second-order neurons
of the thoracic sympathetic trunk.

92 i. Primary erythrocytosis (polycythema rubra vera) occurs independent of
erythropoietin (Epo). Increased Epo production causes secondary erythrocytosis.
Tissue hypoxia (e.g. from right-to-left shunt, pulmonary disease, high altitude)
normally stimulates renal Epo release. Some (Epo-producing) tumors cause
inappropriate erythrocytosis. The cyanosis suggests underlying tissue hypoxia. 
ii. Mucous membranes may be bright red at rest, but readily become cyanotic with
hypoxemia. Erythrocytosis increases blood viscosity, which reduces turbulence, so
cardiac murmurs are softer or even inaudible. Increased viscosity and resistance to
flow can impair tissue perfusion despite a higher O2-carrying capacity.
Manifestations of hyperviscosity include behavioral changes, seizures, and exercise
intolerance.  
iii. Options are periodic phlebotomy (e.g. 5–10 ml blood/kg) or hydroxyurea 
(40–50 mg/kg PO q48h or 3 times a week), with phlebotomy if necessary. Target
Hct is where hyperviscosity signs are minimized, usually ~60%. Systemic
vasodilating drugs should be avoided and exercise restricted. For tetralogy of Fallot
(the diagnosis in this dog), palliative surgery to increase pulmonary blood flow is
possible.
iv. Signs of hypoxia are exacerbated if Hct decreases too far. If phlebotomy causes
hypotension, isotonic fluid replacement helps. Hydroxyurea’s adverse effects include
anorexia, vomiting, bone marrow suppression, alopecia, and pruritus; dose
reduction may help. CBCs should be monitored q1–2weeks initially, then 
q4–8weeks.
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95 A 7-year-old male intact Doberman Pinscher weighing 43 kg (95 lb) is presented
for sudden onset of dyspnea. Previous history is unremarkable. Physical examination
reveals weak femoral pulses and a systolic heart murmur, grade 3/6, loudest over the
left apex. Systolic BP is 70 mmHg. Serum biochemical tests show mildly elevated BUN
(8.3 mmol/l [23.2 mg/dl]; normal 3.5–7.0 mmol/l [9.8–19.6 mg/dl]) and creatinine
(135 μmol/l [1.5 mg/dl]; normal 0–130 μmol/l [0-1.47 mg/dl]). Urine SG is 1.050.
Thoracic radiographs show cardiomegaly (VHS 13 v; normal <10.7 v), pulmonary
venous congestion, and severe pulmonary edema. An ECG shows sinus rhythm with
a HR of 160 bpm and frequent polymorphic ventricular premature complexes.
Echocardiography is carried out (95a, b). 1 – LV, 2 – LA.
i. What echocardiographic abnormalities are seen in this dog?
ii. What is your overall assessment of this case?
iii. What additional biochemical tests could be useful in assessing this case?
iv. Outline your initial management plan for this dog.

94 A cranial dorsal thoracic mass is identified radiographically in the dog in 93.
These 2-dimensional ultrasound images (94a, b) of the cranial dorsal mediastinal
region are obtained.
i. What is your assessment?
ii. What are the advantages of ultrasound evaluation in this patient?

94a 94b

95a 95b
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95  i. The LV is dilated and wall motion markedly reduced (LV FS = 9%, 95a),
indicating poor contractility. Other findings include ventricular rounding (reduced
sphericity index), LA dilation, and increased mitral E-point–septal separation
(12 mm; (normal <7 mm). Mild mitral regurgitation (95b) is likely secondary to
valve annulus dilation.
ii. The most likely diagnosis is dilated cardiomyopathy (DCM); other differentials
include myocardial failure from chronic mitral regurgitation (although the valve is
not thickened), previously undiagnosed congenital shunt, dietary deficiency (i.e.
taurine, L-carnitine), tachycardia-induced cardiomyopathy, or myocardial
ischemia/infarction. Congestive heart failure, systemic hypotension, prerenal
azotemia, and ventricular tachyarrhythmia are also present.
iii. Although not necessary for diagnosis in this case, cardiac troponin I and NT-pro-
BNP can indicate active myocardial insult and ventricular distension, respectively.
Both parameters were elevated (cTnI: 0.78 ng/ml; reference range <0.15) (NT-pro
BNP: 2928 pmol/l; reference range 0–210).
iv. Supplemental O2 and IV furosemide (bolus or CRI) are indicated for severe
pulmonary edema; dosing is guided by patient response. Dobutamine infusion will
help support myocardial contractility and systolic BP. Oral pimobendan and
angiotensin-converting enzyme inhibitor are given as soon as possible. BP and heart
rhythm should be closely monitored. Antiarrhythmic and other supportive therapy
may be needed. 

94  i. The displacement of the lung from the thoracic wall creates an excellent
window for ultrasound assessment and guided sampling of the soft tissue/fluid mass
effect. The images show multiple round hypoechoic masses and a larger region of
heterogeneous echogenicity. Ultrasound sampling of both areas yielded cytology
consistent with lymphoma. This is an unusual radiographic presentation for
enlargement of either cranial mediastinal lymph nodes or thymus because of the
dorsal location of the mass effect.
ii. In most patients, survey ultrasonographic evaluation can be done without
sedation or anesthesia. It allows characterization as to whether a mass is solid or
cavitary and fluid filled, as well as its adjacency to critical structures. For example,
the mass was very close to major thoracic vessels in this patient. Although the
sonographic features of masses uncommonly yield a definitive etiologic diagnosis,
the direct visualization of the mass allows guided sampling for cytology and culture
and harvest of tissue cores for histopathologic evaluation. Screening of the patient
for any clotting deficiency is recommended before any biopsy procedure. Depending
on patient size and temperatment, as well as the mass’s size and proximity to critical
vessels or organs, sedation or anesthesia may be needed for guided sampling.
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97 A 5-year-old, male cat is presented
for acute hindlimb paralysis and crying
(97). On examination, his hindlimbs
were cool and femoral pulses were
absent. Palpation of his hindlimbs
elicited a pain response. Hindlimb nail
beds were cyanotic and did not bleed on
trimming. Chest radiographs showed
normal lung fields and LA enlargement; echocardiography documented LV
hypertrophy consistent with hypertrophic cardiomyopathy. 
i. What caused these clinical signs?
ii. How would you manage this case initially?
iii. What is the prognosis?

96 A 2-year-old neutered male Persian cat
acutely began open-mouth breathing about an
hour ago. He was normal prior to this. However,
about 9 months ago he had a similar episode.
The cat is alert and in good condition. Mucous
membranes are pink. Physical abnor malities
appear limited to the open-mouth breathing and
a mild serous nasal discharge. Heart and lung
sounds are normal. Supple mental O2 is
administered and an IV catheter is placed. After
a short time resting in an O2 cage he appears
comfortable and now has only mild tachypnea.
Thoracic radiographs are obtained and indicate
a mild, diffusely distri buted bronchointerstitial
pattern. Hemogram, serum chemistry, and
urinalysis results are non-contributory. The cat is
briefly anesthetized for otic and oropharyngeal
examinations, which are normal, and bron -
choscopy. Images from the trachea (96a) and
right middle bronchus (96b) are shown.
i. Describe the bronchoscopic findings.
ii. What are your differential diagnoses?
iii. Is BAL indicated in this case?
iv. What cytologic findings would you expect
with feline idiopathic bronchitis?
v. How would you manage this case?

96a

96b

97
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97 i. Arterial thromboembolism (ATE) at the distal aorta. Tissue ischemia causes
acute, painful hindlimb paresis with loss of palpable femoral pulses. Hypothermia,
tachypnea, and azotemia are common. Feline cardiomyopathies are associated with
increased ATE risk. Mechanisms include poor intracardiac blood flow, altered
coagulability, or local endothelial injury.
ii. Initial goals include stabilizing the cat and preventing thrombus extension and
additional ATE. Supportive care is given to optimize tissue perfusion and manage
congestive heart failure (if present). An analgesic (e.g. hydromorphone or
buprenorphine) is indicated. Heparin can reduce additional clot formation.
Unfractionated heparin (initially IV, then SC) is used to prolong aPTT to 1.5–2.5
times pretreatment level. Alternatively, a low-molecular weight heparin has less risk
for bleeding, but optimal dosage is unclear. Dalteparin sodium (100–150 U/kg SC
q8–24h) and enoxaparin (1 mg/kg SC q12–24h) have been used. Fibrinolytic
therapy is problematic and rarely used. When platelet count is adequate, low-dose
aspirin or clopidogrel helps reduce platelet aggregation. Renal function and serum
electrolyte concentrations should be monitored.
iii. Limb function can improve within weeks and some cats are clinically normal
within a couple of months. However, recurrent ATE is common and long-term
prognosis is generally poor. 

96 i. The trachea appears fairly normal. The bronchial mucosa (96b) is inflamed,
with patchy pale and slightly raised areas, thought to represent edema. Other
bronchi appeared similar. 
ii. Causes of airway inflammation generally include allergic, parasitic, and infectious
airway disease. Infiltrative disease is possible. but less likely.
iii. Yes. BAL, and bronchial brushing, samples should be examined cytologically
and cultured. BAL can aid in diagnosing small airway, alveolar, and/or pulmonary
interstitial diseases. However, BAL is not advised for patients in respiratory distress
because it transiently exacerbates hypoxemia. 
iv. Eosinophilic inflammation, suggesting a hypersensitivity response, is most
common with feline idiopathic bronchitis or feline asthma; pulmonary parasites
and heartworm disease (in endemic regions) should be ruled out. Over time a mixed
inflammatory response can develop. However, some cats with idiopathic bronchitis
have a (usually non-degenerative) neutrophilic inflammatory response.
v. If BAL cultures and parasite tests are negative, a glucocorticoid and broncho dilator
(see cases 99 and 100) are usually helpful. Potential inhaled irritants or allergens 
(e.g. litter, smoke, carpet cleaners, household aerosols) should be avoided. For acute
respiratory distress, supplemental O2 with a rapid-acting glucocortioid (e.g. pred -
nisolone sodium succinate, to 10 mg IV or IM; or dexamethasone sodium phosphate,
to 2 mg/kg IV) and terbutaline (0.01 mg/kg SC) or albuterol (via metered dose inhaler)
are recommended.

108

96, 97: Answers



98a

98b

98 A 4-year-old male Dachshund is presented with the complaint of coughing,
especially after drinking and eating. Coughing began 5 weeks ago. Five months
previously, the dog underwent spinal surgery for a ruptured intervertebral disk.
Physical examination is normal. Right lateral (98a) and DV (98b) thoracic radio -
graphs are taken.
i. What clinical differentials are suggested by the history and complaint?
ii. What are the radiographic findings and your radiographic diagnosis?
iii. What will you do next to confirm your suspected diagnosis?
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98c

98  i. Differentials include dys phagia with laryngotracheal aspiration, pharyngitis/
laryngitis, esophagitis, megaesophagus, and esophageal–bronchial fistula.
ii. Most of the left hemithorax is occupied by uniform soft tissue/fluid opacity that
displaces the left lung from the thoracic wall and effaces the left cardiac border and
left half of the diaphragm. The heart is shifted rightward (opposite of the effect
expected when positioning shifts the sternum leftward) and is displaced dorsally,
with fat opacity between the cardiac border and sternum. The trachea parallels the
spine, the left dia phragmatic crus is poorly defined, and no air bronchograms,
pleural fissure lines, or esophageal dilation are evident. Radio graphic diagnosis:
left-sided thoracic mass effect. Differentials include enlarging pulmonary mass,
pleural mass, and left-sided  diaphragmatic hernia.
iii. Abdominal radiographs to assess if the solid organs are appropriately located,
thoracic ultrasound to further characterize the opacity, or CT. Enlargement of the
left cranial abdomen in the VD view (98c) shows absence of the splenic head; no
splenic tail was visible in the lateral view. Ultrasound showed a diaphragmatic
defect with spleen adjacent to the heart. Surgical exploration confirmed splenic
herniation through a tear in the left side of the diaphragm.
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99 A 1.5-year-old male DSH cat had an episode of
respiratory distress 2 days ago. Intense abdominal
effort, open-mouth breathing, and wheezing
occurred for about 10 minutes, then his breathing
slowly returned to normal. The moderately over -
weight cat is now alert and fully responsive. Physical
examination reveals mildly increased abdominal
effort during expiration. Rhonchi and wheezes are heard on thoracic auscultation.
Gentle tracheal palpation easily triggers a cough. Hematology and serum
biochemistry test results are normal.

The cat is anesthetized for thoracic radiography (99a) followed by bronchoscopy.
The bronchial mucosa is edematous and bleeds easily at the touch of the scope
(99b, c). Plugs of tenacious mucus obstruct some bronchi. BAL samples contain a
large well-preserved mixed-cell population with many eosinophils. Occasional
neutrophils and moderate numbers of foamy, activated alveolar macrophages are
seen, along with scattered, well-differentiated ciliated columnar epithelial cells. 
No infectious agents, parasite eggs, or larvae are seen. Culture yields no significant
bacterial growth.
i. What are the radiographic findings in this cat?
ii. What is your diagnosis?
iii. How would you manage this case?

99a 99b

99c

100 Describe options for bronchodilator therapy.
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100 Methyxanthine bronchodilators (theophylline and related drugs) and β2-
adrenoceptor agonists (e.g. terbutaline, albuterol) are usually used. Theophylline
can also reduce respiratory muscle fatigue, increase mucus clearance, and reduce
inflammation. Adverse effects include cardiac arrhythmias, sinus tachycardia,
gastrointestinal upset, nervousness, and seizures. Long-acting theophylline
preparations are usually effective administered twice daily. Plasma concentration
measurement can guide dosing. Therapeutic (peak) concentrations are thought to
be 5–20 mcg/ml. Collect samples at 4–5 hours (long-acting formulations) or 
1.5–2.0 hours (immediate release theophylline) post dosing. A β2-agonist can be
used instead of, or occasionally in combination with, a methylxanthine agent.
Adverse effects include arrhythmias, sinus tachycardia, nervousness, and
occasionally hypotension. Albuterol administered by metered dose inhaler using a
spacer and anesthetic mask can be effective, especially in cats. (See Drugs used for
cardiac and respiratory diseases, pp. 255–261, for doses.)

99  i. A diffuse bronchial pattern and mild lung overinflation are seen. The cardiac
silhouette is normal and there is no venous congestion or interstitial/alveolar pattern
to suggest heart failure.
ii. The bronchial pattern and airway mucosal inflammation with excessive mucus
and numerous eosinophils, as well as foamy activated macrophages, suggest airway
hypersensitivity (‘feline asthma’). Acute paroxysmal respiratory signs are typical in
this condition. The cat’s auscultatory findings suggest bronchospasm as well as
accumulation of airway secretions.
iii. Reduction of airway inflammation, usually by long-term corticosteroid
administration, is crucial. Administration by inhalation (e.g. fluticasone) avoids
systemic side-effects and delivers the steroid directly to the airways. A dedicated
spacer (e.g. ‘Aerokat Feline Aerosol Chamber’) designed for inhalation therapy is
helpful. A bronchodilator is also important to reduce bronchospasm. Oral or
injectable forms (e.g. terbutaline) can be used, but inhaled bronchodilators (e.g.
albuterol, salbutamol) administered via the dedicated spacer seem more efficient
and provide more rapid response in dyspneic cats.

Environmental triggers/irritants, including cigarette smoke, dust (including litter
dust), and aerosols (e.g. deodorants, cleaning products), should be avoided when
possible. Nebulization and coupage can help loosen and mobilize deep airway
secretions. Obese cats may benefit from a reducing diet, as excessive fat can impair
respiratory function.

112

99, 100: Answers



101 A 7-year-old male mixed
breed dog weighing 18.6 kg
(41 lb) is presented for lethargy of
6-day duration, occasional cough -
ing, and increased respira tory
effort (especially during expira -
tion). The dog has also been
anorexic for the past 24 hours.
Because there had been possible
exposure to rat poison, the dog
had been treated by vitamin K
injection, but no improvement
occurred. The dog is not receiving
heartworm preventive. Lung sounds are decreased. Thoracocentesis indicates
chylous effusion. A right lateral thoracic radiograph is shown (101a).
i. What is the salient abnormality in the lateral radiograph?
ii. What is the imaging diagnosis?

101a

102 A 1-year-old spayed female Bichon Frise is presented for a persistent, non-
productive cough of 5-week duration and one known episode of collapse 2 days
ago. The dog is bright, alert, and responsive. An irregular heart rhythm at 88 bpm
is noted during initial examination; heart and lung sounds are normal. Mucous
membranes color and capillary refill time are normal, as are arterial pulses and
precordial palpation. The dog vomits shortly after blood samples are drawn for
routine CBC and serum chemistry analysis, and then it collapses with apparent
respiratory arrest. HR is ~12 bpm and membranes are cyanotic. An endotracheal
tube is placed and O2 administered with manual ventilation. Spontaneous
respirations soon resume and HR increases. A short time later, after the dog is
extubated, an arterial sample is obtained for blood gas analysis (see below). 
Test Result Normal Units
pH 7.25 7.31–7.42
PCO2 34.4 29–42 mmHg
PO2 65.8 85–100 mmHg
HCO3 14.6 17–24 mmol/l
Base excess -12.7 mmol/l
Total CO2 15.7 mmol/l
% Saturation 89.9 %

i. What is your interpretation of the blood gas results?
ii. What are the major causes of hypoxemia?
iii. What are your other diagnostic recommendations?
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102 i. Arterial hypoxemia is evident. The pH indicates acidosis. With respira tory
acidosis, the PaCO2 is elevated; bicarbonate increases in an attempt to compen sate.
However, HCO3 is decreased here, indicating metabolic acidosis; the low normal
PaCO2 likely reflects partial respiratory compensation. PaO2 <60 mmHg causes
dangerously low hemoglobin (Hb) saturation. Cyanosis is visible when over  50 g/l
(5 g/dl) of Hb becomes unsaturated (non-oxygenated). Cyanotic animals with normal
hematocrit likely have PaO2 <50 mmHg.
ii. Causes of hypoxemia usually involve either alveolar hypoventilation, pulmonary
ventilation/perfusion (V/Q) mismatch with varying degrees of venous admixture
(perfusion of non-ventilated areas; shunt), anatomic right-to-left shunt, or a
combination of factors. Hypoventilation increases PaCO2; with V/Q abnormalities,
PaCO2 can be low or normal. Impaired alveolar gas diffusion or low O2 content of
inspired air uncommonly causes hypoxemia. Reduced blood O2-carrying capacity
(e.g. anemia, hemoglobinopathy) also causes tissue hypoxia, even with normal PaO2.
iii. Chest radiographs. If unremarkable, then airway fluoroscopy and/or broncho -
scopy are recommended. Although the irregular heart rhythm is probably sinus
arrhythmia, an ECG may identify AV block or other abnormality. Blood test results
should help indicate if hypoxemia is chronic (erythrocytosis) or another cause for
metabolic acidosis besides the arrest.

101  i. Well-defined air bronchograms are evident
in the mid-ventral thorax. The cranial air
bronchogram is directed ventrally towards the
sternum. The caudal broncho gram is longer and
angles towards the ventral diaphragm. A mild
vesicular gas pattern is associated with the longer
air bronchogram. Neither has visible connection
with the trachea. There is also pleural effusion.
ii. Left cranial lung lobe torsion. Normally in a
right lateral view, the left cranial lobe bronchus
and origin of cranial and caudal subdivision bronchi are well depicted. The cranial
seg ment bronchus should course cranially towards the manubrium; the caudal seg -
ment bronchus should course directly ventrally, not caudoventrally. The air broncho -
gram is well demonstrated in this dog, but visible connection with the common
bronchus is lacking (bracketed area, 101b). The common trunk bronchus tapers off
from the trachea (summated [superimposed] with 5th ribs). Lung surrounding the
peripheral portions of these air bronchograms has a mild vesicular gas pattern. 

Radiographic features most suggestive of lung lobe torsion are vesicular emphy -
sema in a lobe of soft tissue opacity and narrowed, blunted, and/or abnor m ally
oriented lobar bronchus. Pleural effusion is a common but less specific finding. CT
imaging is useful for presurgical diagnostic confirmation of lung lobe torsion.
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103 Chest radiographs of the dog in case 102 show normal cardiac size (VHS
10.0 v), pulmonary vessels, lung fields, and major airways. A thin pleural fissure line
is noted near the right middle lobe. Pronounced sinus arrhythmia is seen on ECG,
but HR exceeds 100 bpm during the recording; electrical axis and complex
measure ments are normal. Echo cardiographic examina tion and routine serum
chemistry and hemogram test results are unremarkable. The next day,
bronchoscopy is done; images from the carina (103a), left main bronchus (103b),
and region of the right middle lobar bronchus (103c) are shown. 
i. What is your assessment of the bronchoscopic images?
ii. Could this explain the dog’s hypoxemia, bradycardia, and collapse, as well as
cough?
iii. How would you follow-up this patient?

103a 103b

103c
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103 i. Mild mucosal edema and erythema is seen at the carina and within the right
bronchus (103a, c). A whitish circular foreign body (FB) is in the right middle lobar
bronchus (103c). This plastic, cone-shaped FB (the tip from a caulk tube, 103d)
was freely moveable, slipping in and out of the bronchial orifice during attempts at
removal with forceps. The airways to the left lung lobes appeared normal and there
was no sign of tracheal collapse.
ii. Yes. Besides the physical presence of the FB being a cough stimulus, it was
thought that the FB probably moved into the right main bronchus or trachea during
coughing and/or vomiting, creating greater airway obstruction and causing
hypoxemia and collapse. Severe bradycardia can result from marked increases in
vagal tone related to underlying pulmonary or airway disease; the vomiting likely
exacerbated this.
iii. Culture of airway washings obtained at the time of bronchoscopy is indicated.
Appropriate antibiotic therapy is warranted, especially if coughing or other signs
persist. Recheck examination and thoracic radiographs in 1–2 weeks are
recommended because residual infection or inflammation is possible. No further
coughing or episodic bradycardia occurred in this case after the foreign body was
removed.
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104 A 10-year-old male indoor-outdoor
DSH cat is presented as an emergency
after 2 days of lethargy and inappetence.
There was no known trauma, but the
cat does hunt mice and birds. The cat is
tachypneic, with open-mouth breathing.
Mucous membranes are extremely pale.
There are multiple areas of subcuta -
neous hemorrhage on both thorax and
abdomen. Increased breath sounds are
heard on auscultation, but no cardiac
murmur. His hematocrit is 0.1 l/l (10%) and total protein is 50 g/l (5 g/dl).
Supplemental O2 is provided (104).
i. When presented with a cat in respiratory distress from unknown cause, what are
your initial considerations?
ii. Based on the physical findings and hematocrit, what are your differential
diagnoses?
iii. What additional tests or therapy do you recommend at this time?

104

105 An 11-year-old male Maltese was
treated for an episode of pancreatitis during
the holiday season. Recovery was rapid and
uneventful. Two days after discharge from the hospital, the dog is presented for
acute respiratory distress. Thoracic radiographs are obtained (105a, b). 
i. What radiographic abnormalities are seen?
ii. What are the likely causes of the acute respiratory signs?
iii. How should this case be managed?

105a 105b
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105  i. A moderate diffuse interstitial to alveolar lung pattern is seen, predominantly
in the caudoperipheral regions (especially the right). A focal area of increased
opacity is in the caudal portion of the left cranial lobe. The left heart appears mildly
enlarged. The heavy interstitial pattern partially obscures pulmonary vessels, but no
obvious pulmonary venous congestion is seen. The gas-distended stomach suggests
dyspnea with aerophagia.
ii. Non-cardiogenic pulmonary edema from acute respiratory distress syndrome
(ARDS) is likely. Although acute heart failure (e.g. from ruptured mitral chordae
tendineae) is possible and can produce atypical edema distribution, more evidence
of LA enlargement and pulmonary venous congestion is expected with chronic
mitral valve disease. ARDS is a syndrome of acute capillary permeability disruption.
It is associated with numerous illnesses including sepsis, aspiration of acidic gastric
secretions, inhalation injury, multiple transfusions, shock, pancreatitis, microbial
pneumonia, drug reaction or overdose, and major trauma or surgery.
iii. Supplemental O2, other supportive measures, and treatment for underlying
abnormalities are provided. Diuretics may help initially, but are of little benefit in
the later phases of ARDS. Overzealous fluid therapy can worsen pulmonary edema
and hypoxemia, so only the smallest volume needed to maintain cardiac output
and arterial BP is given. Corticosteroids are of unconfirmed benefit. 

104 i. Severe respiratory distress (orthopnea) is evident; the cat crouches in a sternal
position with elbows abducted, neck extended, and mouth open (drooling) gasping
for air. Considerations include airway obstruction (e.g. acute asthma), severe
intrapulmonary disease (e.g. edema, pneumonia, hemorrhage, neoplasia), or pleural
space disease (pleural fluid, pneumothorax, intrathoracic mass lesion, diaphrag -
matic hernia). Respiratory pattern and auscultatory findings help point to the
underlying mechanism. (See also case 1 and Further reading.)
ii. Subcutaneous hemorrhage with severe anemia suggests trauma or coagulopathy,
with time for fluid translocaton into the vasculature. Pulmonary hemorrhage and
hemothorax along with anemia intensify respiratory distress. Rodenticide toxicity
is a strong possibility (and was verified here). Cats can be poisoned secondarily by
eating rodents that have ingested anticoagulant rodenticides. Other causes of
coagulopathy include disseminated intravascular coagulation, severe thrombo -
cytopenia, and hepatic failure.
iii. PT and aPTT should be measured. Prolongation of PT greater than that of aPTT
strongly suggests anticoagulant rodenticide toxicity; vitamin K1 therapy should be
started (e.g. 5 mg/kg SC initially). Transfusion with fresh whole blood is also
indicated here. Chest radiographs are useful; pleural fluid/blood may need to be
aspirated to improve ventilation. Additional supportive care is given as indicated.
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106 Brief physical examination of the
dog in case 105 presented for acute
respiratory distress reveals good body
condition, severe tachypnea and
dyspnea, a soft systolic murmur at the
left cardiac apex and harsh lung sounds
on inspiration and expiration.

Supplemental O2 via an oxygen
chamber and a 4 mg/kg IM furosemide
injection are initially administered.
Chest radiographs show interstitial and alveolar lung infiltrates, especially in the
caudal and peripheral regions, and mild left heart enlargement. Pulmonary vessels
are not clearly delineated because of the heavy interstitial pattern, but there is no
obvious pulmonary venous congestion (see 105a, b). There is no improvement after
initial therapy; respiratory arrest occurs shortly thereafter. An endotracheal tube is
placed and fluid (shown) is aspirated from the airway.
i. What is your working diagnosis/es in this case?
ii. What would you do next? 
iii. How can the fluid help identify the underlying pathology? 

106

107 A 10-year-old neutered male DSH cat developed hindlimb paresis while at a
boarding facility. The cat ambulates abnormally and has no pain response in either
hindlimb. Femoral pulses are not palpable, but his extremities are warm and dorsal
pedal pulses are identified. A gallop sound and grade 2/6 systolic murmur are heard
on auscultation. Chest radiographs show marked cardiomegaly without pulmonary
edema. Right parasternal short axis (107a) and long axis (107b) echocardiographic
images are shown.
i. What abnormalities are seen on the echo images?
ii. What does this indicate?
iii. How would you manage this case?

107a 107b



107 i. The LA is severely dilated (~2.6 cm). Spontaneous echo contrast (swirling
‘smoke’) is visible within the LA and LV. Pericardial effusion and mild LV
hypertrophy are also present (LV wall ~ 0.6 cm, diastole).
ii. The LA size suggests severe LV diastolic dysfunction (e.g. from restrictive or
hypertrophic cardiomyopathy), although mitral insufficiency, if present, could
contribute to LA enlargement. Spontaneous contrast is thought to result from blood
stasis with cellular aggregates and be a harbinger of thromboembolism (TE).
Pericardial effusion can occur from advanced cardiomyopathy in cats.
iii. This cat has clear lungs and some hindlimb collateral circulation. Treatment is
aimed at preventing further TE, optimizing cardiovascular function, and supportive
care as needed. Low-molecular weight heparin (LMWH) was used in this cat
(enoxaparin, 1 mg/kg SC q12h). LMWH only minimally affects coagulation times;
its effect can be monitored indirectly by anti-Xa activity. When platelet numbers are
adequate, concurrent low-dose aspirin (e.g. 5 mg/cat q72h) or clopidogrel
(18.75 mg/cat PO q24h) can be added. An angiotensin-converting enzyme inhibitor
and diltiazem are also recommended. This cat was managed medically for another
1.5 years, then died after his 4th arterial TE event.

106  i. Pulmonary edema is likely, but is it non-cardiogenic or cardiogenic in origin?
The lack of obvious venous congestion, caudal/peripheral distribution of pulmonary
infiltrates, and minimal cardiomegaly on radiographs speak against acute
cardiogenic edema (although still possible). Non-cardiogenic edema can develop
with ARDS, electric shock, or seizure activity. Diffuse pulmonary neoplasia or other
infiltrative disease is also possible. Pancreatitis has been associated with ARDS.
Given the otherwise unremarkable historical, ARDS was the working diagnosis. 
ii. Emergency therapy was initiated with a positive-pressure ventilator using 100%
O2. Another 4 mg/kg bolus of furosemide was administered IV. A bronchodilator
was also used. At this time, no specific treatment is available for ARDS other than
assisted ventilation and other supportive care. In this case there was no response to
emergency therapy.
iii. Analysis of edema fluid suctioned from the airways can help differentiate ARDS
from cardiogenic edema. The ratio of edema fluid (E) protein content to plasma
(P) protein content is 79–90% for ARDS; for cardiogenic pulmonary edema it is
typically <50%. This dog’s edema fluid E:P ratio was 86%. ARDS patients often
deteriorate rapidly. This dog died from respiratory failure.
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108 A 1-year-old neutered male Alaskan Malamute is presented with a 3-month
history of coughing with intermittent hemoptysis. The dog has been living in the
Mississippi river valley region of the USA. He has an inducible cough with mid-
tracheal palpation, and coughs up bloody mucus during the examination. CBC and
serum chemistries are normal. Left (108a) and right (108b) lateral thoracic
radiographs are shown.
i. How would you characterize the radiographic lesions?
ii. What are the etiologic differentials for these lesions?
iii. What diagnostic procedure(s) would you do next?
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108  i. Multiple cavitary nodules are
present. Their walls vary in thickness
from uniformly thin, with smooth inner and outer borders, to non-uniform,
moderately thick, with mildly irregular inner borders (108c, arrows). In some, more
than one cavitary lucency is associated, with the soft tissue/fluid rim giving the
appearance of a multiloculated cavity. A CT scan done on this patient (108d) shows
two cavitary lesions, one circled in the dorsal left lung and one in the right ventral
lung. PAs adjacent to lobar bronchi are also evident.
ii. Cavitary pulmonary lesions can arise from trauma (bulla, bleb), pneumonia
(pneumatocele), bacterial abscess, granuloma, parasitic cysts (Paragonimus
kellicotti), or neoplasia. The young age of this dog makes neoplasia unlikely. There
was no history of trauma and with a normal hemogram and no fever, bacterial
infection is unlikely. Paragonimiasis is a strong consideration in endemic regions
when access to the crayfish intermediate host is possible. Congenital cavitary lung
lesions are also a possibility. 
iii. Identification of fluke eggs, which can be recovered from feces, sputum cytology,
or tracheal washings, confirms a diagnosis of paragonimiasis.

108c 108d

122

108: Answer



109 A 7-year-old male Boxer has been
losing weight for the past couple of
months, but more recently his head and
forelimbs have started getting bigger
(109a). He does not seem painful, but
his appetite is poor. Body temperature is
normal. The forelimbs, cranial chest,
ventral neck, and lips are swollen, cool
to the touch, non-painful, and indent
with digital pressure. Heart and lung
sounds are normal over the mid to
caudal thorax, but are muffled over the
cranial thorax. The caudal body is quite
thin.
i. Can the location of this dog’s disease
be identified based on his appearance
and physical findings?
ii. What etiologies can cause this condition?
iii. What tests would you recommend next, and why?

109a

110 One week ago a 6-year-
old male mainly outdoor
DSH cat deve loped labored
breathing and poor appetite.
Lung sounds were somewhat
increased, but reportedly
other physical findings were
unre markable. Radiographs
suggested cardio megaly with
possible pulmonary infil trates.
A trial of furosemide (12.5 mg
q12h) was prescribed. The
owner thinks the cat’s signs
are improved. Cardiac disease of some kind is suspected, but echocardiography is
not available. A non-selective angiocardiogram is done (110). 
i. Does this study suggest a diagnosis of heartworm disease?
ii. Describe the angiographic findings. 
iii. What are your recommendations to the owner?

110
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109 i. The swelling is subcuta neous
edema. The distribution is typical for the
so-called ‘cranial caval syndrome’,
where obstruction of cranial vena caval
flow raises venous and capillary hydro -
static pressure in regions that drain into
this vessel. Muffled heart and lung
sounds over the cranial, but not caudal,
thorax suggest a mass lesion pushing the
heart and lungs caudally. 
ii. Cranial vena caval compression (usually by an expanding cranial mediastinal
lymphoma, thymoma, or other mass) or complete thrombosis leads to this syndrome.
Besides bilaterally symmetric cranial edema, as seen here, pleural effusion is common.
Caval thrombosis can occur with diseases causing a hypercoagulable state (e.g.
immune-mediated thrombocytopenia or hemolytic anemia, sepsis, nephrotic syndrome,
and some neoplasia), usually in conjunction with central venous catheter use.
iii. Thoracic radiographs indicated a cranial mediastinal mass (109b).
Ultrasonography also can identify masses or caval thrombosis, if present. Needle
aspirate or biopsy of the mass (lymphoma in this dog), and routine bloodwork and
urinalysis, are indicated to guide therapy. Underlying disease process(es) must be
sought for caval thrombosis.

109b

110 i. The image was taken after dye passed through the lungs to the left heart,
although some residual dye is seen in the cranial vena cava. Dilated and slightly
tortuous caudal vessels are seen, but these are pulmonary veins, not arteries. There
is no specific indication for heartworm disease here.
ii. There is massive LA enlargement, with dilated pulmonary veins entering caudally.
These findings imply chronically high pressure within. The LV is enlarged (note the
elevated carina and proximal caudal vena cava) and there appears to be some filling
defects within the lumen; possible causes include hypertrophied papillary muscles,
irregular mural hypertrophy, and endocardial scarring. Severe hypertrophic or
restrictive cardiomyopathy is likely.
iii. Although echocardiography may provide additional information, this study indi -
cates chronic diastolic dysfunction. An increased risk for decompensated heart failure,
arterial thromboembolism, and arrhythmias is expected. Furosemide should be
continued at the lowest level needed to control pulmonary edema. The owner should
monitor the cat’s respirations, activity level, and appetite. An angiotensin-converting
enzyme inhibitor and therapy to reduce risk of thromboembolism (e.g. aspirin, clopi -
do grel) are also recommended. Other agents may be helpful for refractory heart failure
(e.g. pimobendan, spironolactone) or tachyarrhythmias (e.g. atenolol, diltiazem).
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111 A 13-year-old male-neutered Irish
Setter is presented for abdominal
distension. A palpable fluid wave indi -

cates ascites. No murmur is auscultated, but jugular pulsation and distension are
noted. Femoral pulses are normal. Echocardiography shows a serious lesion. The
owners elected euthanasia. Postmortem images are shown (111a, opened RV with
freewall to the right and pulmonary valve at top of image; 111b, opened RA).
i. Describe the lesion and its location. 
ii. Can the dog's clinical signs be attributed to this lesion? Why, or why not?

112 An 18-year-old female spayed DSH
cat is presented for episodes of collapse
that are becoming more frequent and
severe. Over the past few weeks the
owner has also noted the cat sometimes
has trouble jumping up on the bed. The
cat is alert and in good condition.
Physical examination is unremarkable.
Chest radiographs and BP are normal.
You hospitalize the cat for observation. Later the cat vocalizes briefly, collapses
into lateral recumbency, and stiffens her limbs. Several similar episodes occur over
the evening. The photograph was taken during one of the episodes (112). 
i. What are common characteristics of cardiovascular syncope that may help
differentiate it from seizure activity?
ii. What differential diagnoses should be considered in this case?
iii. What would you do next in this case?

111a 111b

112
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112 i. Syncope is sudden, transient unconsciousness, usually caused by abruptly
reduced cerebral perfusion. Collapse into lateral recumbency, limb stiffening,
opisthotonic posture, micturition, and vocalization are common. Syncope is often
associated with excitement or exertion. Atypical for syncope are facial fits,
persistent tonic/clonic motion, defecation, a prodromal aura, (postictal) dementia,
and neurologic deficits. Profound hypotension can cause hypoxic seizure-like
activity (‘convulsive syncope’), but loss of muscle tone usually precedes this.
Neurologic seizure activity is usually preceded by atypical limb or facial movement
or staring spells before collapse. 
ii. Either syncope or seizure activity could be occurring here, although the apparent
absence of pre- or postictal mentation change makes cardiovascular syncope more
likely. Syncope has many causes, but given this cat’s age, absence of cardiac murmur,
and normal thoracic radiographs, an intermittent tachy- or bradyarrhythmia would
be most likely in this case. Myocardial disease may also be present. Likely
differentials for seizure activity include brain tumor, transient cerebrovascular
events, and cerebral inflammatory lesion.
iii. An ECG, echocardiogram, neurologic examination, and laboratory database
(e.g. CBC, biochemical profile, T4, urinalysis, heartworm test) are advised.
Ambulatory ECG monitoring can help identify or exclude cardiac arrhythmias if
resting ECG is normal.

111  i. In 111a (viewed from the RV cavity) there is a glistening yellowish mass of
tissue protruding through the tricuspid valve orifice. One tricuspid leaflet is seen
enveloping the mass (on the left). The mass appears multilobular and gelatinous. In
111b (from inside the RA looking toward the tricuspid orifice) the mass appears to
completely occlude the RV inflow region. This intracardiac tumor was histologically
identified as a myxoma. Cardiac myxoma is a benign neoplasm resulting from
multipotent mesenchymal cells. It usually arises from the interatrial septum near
the fossa ovalis, most commonly in the LA but occasionally from the RA. This
tumor type is very rare in dogs.
ii. Jugular pulsation related to atrial contraction can occur with any cause of
increased right heart filling pressures. In this case the mass partially obstructed
tricuspid inflow and increased resistance to RV filling. Jugular vein distension
develops when RA pressure is high. As obstruction to ventricular filling worsens,
pulsation of the jugular veins diminishes and may disappear, although venous
distension persists. Ascites develops because systemic venous and capillary
hydrostatic pressure elevation increases fluid transudation from the capillaries. This
mimics right-sided congestive heart failure.
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114 A 7-year-old female English Springer
Spaniel in good body condition has
progressive lethargy and exercise intolerance
of several months’ duration. Over the past 
2 weeks she has developed an occasional soft cough and seems reluctant to go on
walks. Examination reveals pink mucous membranes, jugular pulses extending to the
laryngeal region, and strong synchronous femoral pulses. Pulse rate is regular at 
40 bpm. Holosystolic plateau murmurs are heard over the left and right apex on
auscultation. An ejection murmur is also suspected, over the left base region. Lung
sounds are normal. Right lateral (114a) and DV (114b) thoracic radiographs are taken.
i. What abnormalities are seen on these chest radiographs?
ii. Identify differential diagnoses for this case based on the information available.
iii. Should a diuretic be administered for congestive heart failure at this time?
iv. What other clinical test(s) are indicated?

113 The cat in case 112 is
being monitored because of
frequent collapse events. She
collapses during in-hospital
ECG monitoring. The heart
rhythm just prior to and
during the event is shown
(113, lead II, 25 mm/s, 1 cm =
1 mV; the top two strips are
continuous).
i. What is your ECG interpre -
tation?
ii. Is the underlying problem likely to be within the AV node? 
iii. What treatment options are available?

113

114a 114b
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114  i. Generalized cardiomegaly is present, with LV and especially LA enlargement
being predominant. This is evidenced by the extremely tall (lateral) and elongated
(DV) cardiac silhouette. The caudal edge of the enlarged LA overlaps the LV apical
region on DV view; the left auricular bulge is seen at the 2 o’clock position. The
caudal vena cava is prominent. Pulmonary vessel size and pulmonary parenchyma
appear normal.
ii. Differential diagnoses for this case include chronic volume overload dilation
secondary to chronic bradycardia, or dilated cardiomyopathy, or chronic AV valve
disease with concurrent conduction disturbance. The most likely underlying causes
for the regular bradyarrhythmia in this case is complete AV block or, considering
the signalment, atrial standstill. Other bradyarrhythmias such as intermittent sinus
arrest, sick sinus syndrome, or second degree AV block are classically associated
with an irregular heart rhythm.
iii. There is no evidence of pulmonary edema (left-sided heart failure); pulmonary
vessels appear normal in size and pulmonary parenchyma appears clear. Diuretics
are not needed at this time.
iv. An ECG is indicated for cardiac rhythm diagnosis. An echocardiogram is
warranted to evaluate chamber sizes and ventricular systolic function. (See also case
115.)

113 i. The ECG begins with sinus rhythm at 200 bpm; the QRS complexes have
deep and wide S waves typical for right bundle branch block (RBBB). Midway
across the top strip, AV conduction fails and only sinus P waves occur. Almost 
12 seconds elapse (and syncope occurred) before a ventricular escape rhythm
appears (middle strip, right side). Complete AV block with ventricular escape
rhythm continues into the bottom strip; after the 5th QRS complex, three sinus 
P waves are conducted with RBBB, followed by brief alternating periods of AV
block with escape rhythm and conduction. 
ii. The RBBB apparent during sinus rhythm indicates an intraventricular conduction
system abnormality. More widespread intraventricular disease is likely, with
intermittent left bundle branch block producing complete heart block. Nevertheless,
AV nodal disease may also exist. Most advanced AV block is associated with
underlying structural disease (e.g. endocarditis/myocarditis, cardiomyopathy,
endocardiosis, fibrosis, trauma). 
iii. The intermittent nature of the AV block is problematic. Most cats with persistent
third degree AV block are asymptomatic, with ventricular escape rates of 
90–120 bpm. The efficacy of medical management is unclear. Artificial pacing can
alleviate the syncope. An epicardial approach is now thought to be better in cats as
chylothorax commonly develops after transvenous pacing (as in this cat).
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115 This ECG (115a, leads
I, II, and III at 50 mm/s, 
1 cm = 1 mV) is taken from
the dog in case 114. An
echo cardiogram shows
severe dilation of the LA and
moderate to severe dilation
of the LV. LV systolic
function is characterized as
normal, with a FS of 55%.
Serum biochemical tests are normal.
i. What is the ECG rhythm diagnosis?
ii. What treatment, if any, would you advise?
iii. What is the long-term prognosis for this patient?

115a

116 An 18-year-old cat is presented for difficulty
breathing and weight loss, which began a couple
weeks ago. She now shows open-mouth
breathing and increased abdominal effort. The
cat has long tested positive for feline leukemia
and immuno deficiency viruses. On physical
examination she appears depressed, thin, and
somewhat dehydrated. Respiratory rate is
24 breaths/min and labored; HR is 160 bpm and
regular. Wheezes are heard on auscultation.
Thoracic radio graphs reveal a soft tissue opacity
within the distal trachea. Laboratory tests show
mild azotemia. Supplemental O2 and intra venous
fluid therapy are instituted prior to anesthesia for
bronchoscopy. Images from within the mid
(116a) and distal (116b) trachea are shown.
i. What are the bronchoscopic findings?
ii. What would you do now?
iii. What are the most common causes of large
airway obstruction in cats?
iv. How would you manage this case after
bronchoscopy?

116a

116b
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115  i. Atrial standstill with a
ventricular escape rhythm and fre -
quent ventricular premature con trac -
tions (VPCs). Persistent atrial
stand  still is characterized by a junc -
tional or idioven tricular escape
rhythm without detectable P waves.
In this ECG a VPC follows every
escape complex in a repeatable
pattern (ventricular bigeminy), which
may represent a re-entry path within an area of diseased myocardium. The VPCs occur
early enough that an arterial pulse may not be generated. In this dog, serum electrolytes
were normal and clinical and radiographic findings indicated severe heart disease.
ii. Medical therapy is usually inadequate for atrial standstill. An atropine challenge
test may indicate whether the bradyarrhythmia is responsive to changes in vagal tone.
Permanent transvenous pacemaker implantation is the treatment of choice (115b).
iii. Persistent atrial standstill, also called AV muscular dystrophy, has been recognized
mainly in Springer Spaniels and Old English Sheepdogs. It has been compared to a
type of human muscular dystrophy and involves progressive atrial and ventricular
muscle degeneration. Congestive heart failure often results. Even with pacemaker
placement, the disorder is usually fatal within 12–18 months of diagnosis.

115b

116 i. An irregular, fleshy mass is attached to the lateral trachea wall near the carina.
ii. Debulk the mass as much as possible with endoscopic biopsy forceps and submit
the tissue for histologic examination. A wire snare passed through the
bronchoscope’s biopsy channel can also be used to remove intratracheal masses in
the cat. Incomplete removal may result in regrowth of the mass. However, given the
deep intrathoracic location of this mass and the cat’s advanced age, surgical
resection was deemed too risky.
iii. A neoplastic mass (e.g. lymphoma, adenocarcinoma, squamous cell carcinoma)
is most likely, although lymphoplasmocytic inflammatory polyps and lymphoid
hyperplasia are also reported. Lymphoid hyperplasia may presage later discovery of
neoplasia. Laryngeal masses are more common than tracheal mass lesions.
Laryngeal paralysis is another consideration for upper airway obstruction. This
mass appeared to be an adenoma or a very well-differentiated carcinoma.
iv. Supplemental O2 should be continued during anesthetic recovery. Prednisolone
(e.g. 1 mg/kg initially then tapering over several days and discontinuing) helps
reduce airway inflammation and edema. A broad-spectrum antibiotic may also be
used. Long-term prognosis is usually poor because of mass recurrence.
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117 A 2-year-old female DLH cat is presented
for signs of respiratory distress. She appears
anxious and tachypneic. Body tempera ture,
mucous membrane color, pulses, jugular veins,
and precordial palpation are normal. HR is 
240 bpm. A grade 2/6 systolic murmur and 
S4 gallop sound are heard at the left apex. Breath
sounds are harsh. Lateral (117a) and DV (117b)
chest radiographs are obtained. 
i. Describe the radiographic findings.
ii. What is the most likely diagnosis?
iii. What would you do next?

117a 117b

118

118 A 12-week-old male Bengal kitten is presented for breathing difficulty. The cat
is otherwise healthy except for the physical abnormality illustrated (118, cat
positioned in dorsal recumbency with its head to the left). 
i. What is the physical abnormality illustrated?
ii. What is the cause of this condition? 
iii. What diagnostic tests are indicated, and why?
iv. What concurrent abnormalities may be found with this condition?
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118  i. Pectus excavatum. This concave sternal deformity is caused by dorsal
deviation of the mid or caudal sternum and associated costal arches.
ii. Pectus excavatum is a congenital deformity of the sternum and costal cartilages
that results in dorsoventral narrowing of the thorax. The exact developmental
mechanism of this abnormality is not known. 
iii. Thoracic radiographs should be obtained to assess the degree of dorsoventral
narrowing, as well as to screen for pneumonia and cardiac displacement. These
radiographs also provide a baseline for evaluating the effectiveness of treatment.
Echocardiography can also be helpful, especially if a heart murmur is heard.
iv. Concurrent abnormalities can include tracheal hypoplasia and congenital heart
defects; animals with pectus excavatum are also more susceptible to lower airway
infection and pneumonia. However, a cardiac murmur heard in an animal with
pectus excavatum may not necessarily indicate a congenital heart defect. Murmurs
in affected animals without structural heart disease often disappear after surgical
correction of pectus excavatum. Such murmurs are thought to be related to cardiac
malpositioning rather than a cardiac defect per se.

117 i. The cardiac silhouette is enlarged (VHS ~8.8 v), with moderate tracheal
elevation. Diffuse patchy interstitial to alveolar infiltrates are especially prominent
in the dorsocaudal lung fields. Pulmonary vessels to the right caudal lobe are seen
best and are enlarged (wider than the 10th rib where they cross; 117b). Aerophagia
is consistent with respiratory distress. 
ii. Cardiogenic pulmonary edema. This condition in cats usually involves an uneven
and patchy distribution of opacities, either extending throughout the lung fields or
concentrated in the middle zones. Hypertrophic cardiomyopathy (HCM) most
commonly causes an S4 gallop and congestive heart failure (CHF) in cats, but other
cardiomyopathies are other potential causes. Congenital cardiac shunts or mitral
dysplasia often cause left-sided CHF. Although enlargement of both veins and
arteries often accompanies pulmonary overcirculation, this vascular pattern also
occurs with CHF (pulmonary venous congestion and secondary increase in PA
pressure). Other differentials for interstitial pulmonary infiltrates include infection,
hemorrhage, and neoplasia.
iii. Administer supplemental O2 and parenteral furosemide. Minimize patient stress
and manipulation. When respiration improves, obtain an echocardiogram, along
with BP measurement and a complete laboratory database, to guide further therapy.
Severe HCM was identified in this cat.
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120 A 5-month-old male Pit Bull Terrier
is presented for abdominal distension
that has developed over the past 
2 months (120a). He is acting and eating normally, but recently his large abdomen
has been slowing him down. The dog is alert and active, with normal mucous
membrane color and capillary refill time. Femoral pulses are normal. The jugular
veins are not distended or pulsating. HR and rhythm and heart and lung sounds are
normal. There is large-volume ascites, which is a modified transudate. Thoracic
radiographs show normal heart size and shape, with normal lungs and pulmonary
vasculature (DV, 120b).
i. What are the causes of large-volume modified transudate in the abdomen?
ii. Does this dog have right-sided congestive heart failure (CHF)?
iii. How would you proceed with this puppy?

119 Physical examina tion of
the kitten in case 118 reveals a
palpable sternal abnormality.
Thoracic radiographs are
taken (right lateral view
shown [119]).  
i. What is the physical
abnormality illustrated in the
radiograph?
ii. What is the recommended
treatment for this condition?
iii. How soon should defini -
tive treatment for this
condition be performed?
iv. What are the potential consequences of not treating this condition?

119

120a 120b
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134

119  i. The dorsal sternal deviation of pectus excavatum is evident. 
ii. Treatment involves fashioning an external frame of lightweight thermoplastic
material that is secured with sutures placed around the sternum and through holes
in the frame. Sutures are preplaced around the sternum and threaded through holes
drilled in strategic locations in the frame. When the sutures are tightened the
sternum is pulled toward the frame, reversing the pectus excavatum. The frame is
maintained for 3 weeks. 
iii. The procedure is ideally performed when the animal is still growing, so that
thoracic remodeling will occur quickly and before the animal outgrows the frame. 
iv. Respiratory compromise is the most common manifestation of pectus
excavatum. The severity of clinical signs relates to the severity of the deformity,
thoracic volume reduction, and lung collapse. Secondary pneumonia or cardiac
compromise can be complications. Signs can range from mild exercise intolerance
to marked respiratory distress and death. Some cases exhibit persistent coughing.
Others are asymptomatic except for the physical presence of the defect; however,
waiting for clinical signs to develop may not be prudent, because the condition is
treated more readily in an actively growing animal than in an adult with a less
pliable thorax. 

120 i. Ascites usually results from abnormal Starling’s forces, often high systemic
venous or portal pressure. Increased capillary permeability (e.g. from
inflammation), low capillary colloid oncotic pressure (from hypoalbuminemia), and
lymphatic obstruction are other mechanisms. Ascites from high venous hydrostatic
pressure can be categorized by location of pathology. ‘Posthepatic’ (‘postsinusoidal’)
ascites occurs from restricted blood flow between the hepatic vein and RV. Excessive
fluid formation in hepatic sinusoids then diffuses across the liver capsule to the
peritoneal space. Posthepatic ascites is usually secondary to right-sided CHF or
cardiac tamponade. Uncommonly, caudal vena caval or RA inflow obstruction or
compression are causes. ‘Hepatic’ ascites, from primary liver disease, usually
involves portal hypertension, although other mechanisms are possible. ‘Prehepatic’
ascites develops from portal vein obstruction; excess fluid transudation from
intestinal serosa produces increased lymph formation. Prehepatic ascites is
uncommon because collateral portosystemic shunting reduces portal hypertension. 
ii. Right-sided CHF should also cause jugular vein distension, as well as other
evidence for cardiac enlargement or dysfunction. However, the caudal vena cava
appears large on the radiograph.
iii. Recommend echocardiography to examine the proximal caudal vena cava and
RA inflow region for obstructive lesions, and possibly abdominal ultrasonography
or vena caval angiography.  
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121 An echocardiogram is done on the
Pit Bull Terrier puppy described in case
120. A diastolic frame from the right

parasternal short axis view with color flow Doppler sector over the RA (121a) and
pulsed wave (PW) Doppler with sample volume in the RA above the tricuspid valve
(121b) are shown. 1 – RA, 2 – Ao, 3 – RV.
i. Describe the findings in 121a.
ii. What is shown in 121b?
iii. What is your diagnosis?
iv. How can this condition be treated?

121a 121b

122 A 3-year-old, spayed female DLH cat is
presented after 1 week of increased respiratory effort.
The physical examination findings are tachypnea,
dull thoracic auscultation particularly ventrally, and
decreased thoracic compliance on palpation.
Thoracic radiographs (122a, b) are made.
i. What are the radiographic abnormalities?
ii. What is the radiographic diagnosis?
iii. What are the etiologic differentials?
iv. Of what value would a CT study be in this patient?

122a 122b

1
2

3

1



121  i. A perforated membrane bisects the
RA. Low velocity flow (coded red) moves
through the large caudal RA chamber,
accelerating across the mem brane’s narrow
opening into the cranial RA chamber.
Tricuspid valve, RV, Ao, and main PA are
normal.
ii. The sample volume is in the cranial RA
chamber. Flow velocity is increased (peak
>2 m/s) across the intra-atrial membrane,
with pressure gradient ~10–20 mmHg
throughout the cardiac cycle.
iii. Cor triatriatum dexter. This uncommon malformation occurs when the
embryonic right sinus venosus valve fails to regress, creating an abnormal
membrane that divides the right (dexter) atrium in two. Caudal vena caval and
coronary sinus flows enter the caudal RA chamber. Obstructed flow through the
abnormal membrane raises hydrostatic pressure in the caudal vena cava and veins
draining into it, causing progressive ascites. Angiography depicts the distended
caudal cava and flow restriction at the RA membrane (arrows, 121c).
iv. The abnormal membrane can be surgically excised or the orifice enlarged using
balloon dilation catheters. 

121c

122  i. Nearly the entire thorax is of soft tissue/fluid opacity. Only the caudal right
portion has normal lung lucency. The trachea is markedly displaced dorsally
throughout and is shifted to the right. The principal bronchi are also shifted to the
right and demonstrate air bronchogram formation. The cardiac shadow is effaced
with the exception of a small portion of the apex evident in the DV view that is
shifted to the right. The left half of the diaphragm is effaced and the impression is
that the right half is displaced caudally. No pleural fissure lines are evident.
ii. Large left-sided thoracic mass, more likely of mediastinal origin than pulmonary
or pleural. 
iii. Thymic origin neoplasia (lymphoma or thymoma), cranial mediastinal
lymphadenomegaly (lymphoma), thymic cyst, and branchial cyst. The diagnosis in
this patient was malignant thymoma.
iv. Based on the limited studies in dogs and cats, CT imaging is not likely to provide
an etiologic diagnosis for a cranial mediastinal mass. However, it has been found
to be useful in the local staging of these masses and thus in the surgical
management.
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123 A 13-year-old neutered female Beagle presents with a 1-week history of
lethargy, followed by cough and respiratory distress that developed 2 days prior to
evaluation. The dog appears mildly dyspneic (respiratory rate 45 breaths/min).
Physical examination reveals normal body temperature (38.9ºC [102ºF]), good
femoral pulse quality, and no jugular pulsation or distension. The hepatojugular
reflux is negative. Chest percussion indicates a bilateral horizontal line of dullness.
Other parameters are unremarkable. Thoracic radiographs show increased opacity
throughout the ventral aspect of the chest, with retraction and scalloping of lung
lobes, consistent with a mild pleural effusion. Echocardiography and abdominal
ultrasonography are unremarkable. Thoracocentesis yields 150 ml of
serosanguineous fluid: total protein, 50.5 g/l (5.05 g/dl); albumin, 34.1 g/l
(3.41 g/dl); globulin, 20.4 g/l (2.04 g/dl); alb/glob ratio, 1.49; pH, 7.4; SG, 1.035;
appearance, red turbid fluid; cell preservation,  good; cytology, individual small
clusters and large rafts of cells with foamy cytoplasm, variable round to oval nuclei
and occasional mitoses, cells have a variable nuclear/cytoplasmic ratio, high number
of neutrophils in the background; microbiology, negative aerobic and anaerobic
cultures.

Thoracoscopy is performed under general anesthesia and an image is obtained
(123a, 1 – pericardium, 2 – right middle lung lobe). No parenchymal lesions or
isolated masses are identified. A pleural biopsy is obtained (123b, 25×; H&E).
i. What are the differential diagnoses for this case?
ii. How would you describe the thoracoscopic findings?
iii. What does the biopsy show?

123a 123b

124 What are the effects of, and indications for, pimobendan?
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124 Pimobendan increases cardiac contractility and promotes systemic and
pulmonary vasodilation, thereby improving cardiac pump function. It increases
contractility by phosphodiesterase-3 (PDE-3) inhibition (enhances adrenergic effects
on Ca++ fluxes) and by a calcium-sensitizing effect on cardiac contractile proteins.
The latter increases contractility without additional myocardial O2 requirement.
PDE-3 inhibition underlies the drug’s vasodilating effect. Pimobendan also can
modulate neurohormonal and proinflammatory cytokine activation. Pimobendan
is indicated for dogs with congestive heart failure (CHF) from chronic valvular
disease or dilated cardiomyopathy; it has improved clinical signs and survival when
added to conventional CHF therapy. Dogs with other causes of myocardial
dysfunction and cats with refractory CHF may also benefit.

123  i. The effusion is consistent with a pleural exudate. This can occur from
inflammation (pleuritis), with increased permeability of the pleural surface to
proteinaceous fluid. Causes of pleuritis include bacterial infection, neoplasia
(pulmonary, mediastinal, or pleural), thoracic trauma, or even chronic effusion of
different causes.
ii. The thoracoscopic image shows several white-gray plaques, a few millimeters in
diameter, on the visceral pleural surface. Similar lesions were observed on the
pericardium and parietal pleura.
iii. Biopsy and histopathology of the pleural lesions are necessary for definitive
diagnosis. In this case, cords of cells, acini, and papillary projections are seen on
histologic examination. Some of the larger, bizarre cells observed at the surface in
some areas resemble the cells observed in the pleural fluid. In the absence of an
obvious primary mass elsewhere, and from the cytologic appearance, these changes
are consistent with pleural mesothelioma. 

Life expectancy with mesothelioma is often less than a 1 year, although survival
time may increase with chemotherapy (and pericardectomy if concurrent pericardial
effusion). Intracavitary administration of cisplatin or carboplatin, possibly with
piroxicam, may produce clinical remission for several months. The intracavitary
route delivers higher drug concentrations to the neoplastic tissue and reduces risk
of toxicity.
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125 A 5-year-old 3 kg (6.5 lb) spayed female cat has epi sodes of cya n o  sis and
increased res piratory rate and effort, mostly after play  ing. The referring veteri narian
has pre scribed enalapril and furosemide, with little improvement. The cat is alert.
Respiratory rate is 72 breaths/min, HR is 240 bpm, and temperature is 38.8°C
(101.9°F). No cardiac murmur is heard on auscultation, but increased breath sounds
are noted. Femoral pulses and jugu lar veins are normal. After a few minutes of play,
slight cyanosis of the oral mucous membranes and increased respiratory effort are
evident. An echo cardiogram is done; images shown are from the right parasternal
long axis position (125a–c). 1 – RV, 2 – RA, 3 – LV, 4 – LA, 5 – Ao.
i. Assess the echo findings.
ii. What is the diagnosis?
iii. Why is no murmur evident?
iv. How should this be managed?

125a 125b

125c
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125 i. Moderate RV hypertrophy and RA enlargement are evident (125a). 125b
shows a large ventricular septal defect (VSD) with overriding aortic root; flow
from both RV (blue) and LV (red) enters into the aorta (125c). The slightly
elevated pulmonary outflow velocity is consistent with mild pulmonic stenosis
(PS).
ii. Tetralogy of Fallot; component anomalies are VSD, PS, a dextropositioned
aorta, and RV hypertrophy. PS can vary from mild (as in this case) to complete
PA atresia. The rightward shift of the aortic root facilitates RV-to-aorta shunting.
RV hypertrophy develops secondary to systolic pressure overload. 
iii. The relatively equilibrated ventricular pressures, along with the mild PS here,
explain the lack of murmur. In other cases, hyperviscosity from hypoxia-induced
erythrocytosis also reduces turbulence and murmur intensity.
iv. The degree of RV-to-aorta shunting depends on the balance between PS severity
(fixed RV outflow resistance) and systemic arterial resistance (variable). Shunting
increases with exercise because systemic resistance declines, so exercise restriction
is prudent. Hematocrit is periodically monitored. Phlebotomy helps control severe
erythrocytosis and hyperviscosity signs. Hydroxyurea and palliative surgery have
also been used in dogs. Furosemide and enalapril were discontinued in this case.
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127 A 6-year-old neutered male Pomeranian develops episodic trembling asso -
ciated with stiff ening of the limbs as well as weak ness, vomiting, and panting. An
echocardiogram is done (127a, M-mode image at mitral valve level; 127b, color
M-mode in same position).
i. What is shown in the figures?
ii. Why does this occur?
iii. What etiologies can cause this?
iv. Are particular physical examination findings likely to result?

126 An 11-year-old Yorkshire Terrier was
recently diagnosed with hyperadreno -
corticism (Cushing’s disease). At a recheck
examination the owner complains that the dog has developed ‘breathing problems’
and a cough. You hear no cardiac murmur, but there is an occasional soft crackle
at the very end of deep inspiration. Lateral (126a) and DV (126b) thoracic
radiographs are taken.
i. What radiographic abnormalities are seen?
ii. What is the likely cause? 

126a 126b

127b127a
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127 i. Diastolic flutter of the anterior mitral leaflet is seen (127a; arrow, 127c).
Color flow Doppler reveals marked diastolic turbulence within the LV outflow
tract, between the septum and the anterior mitral leaflet (127b). The mitral 
E point–septal separation is increased.
ii. A regurgitant jet from aortic valve insufficiency creates diastolic LV outflow
turbulence and strikes the mitral leaflet, causing it to vibrate and pushing it away
from its fully open position (see case 128).
iii. Infective aortic valve endocarditis is the most likely acquired cause. Congenital
ventricular septal defect with loss of aortic root support, aortic valve malformation,
or aortic regurgitation (AR) with subaortic stenosis are other causes.
iv. A diastolic decrescendo murmur is often audible at the left base with moderate
to severe AR.  A systolic murmur of relative aortic stenosis is also possible because
AR imposes a volume overload on the LV, increasing stroke volume. AR causes
stronger arterial pulses because diastolic pressure falls more quickly and lower than
normal, widening the pulse pressure (difference between systolic and diastolic
arterial pres sure). Progressive LV dilation,
secondary mitral insufficiency, and left-sided
heart failure can result from AR.

126  i. A severe diffuse miliary to nodular coalescing interstitial pattern lung pattern
is seen. The pattern is intensely opaque, suggesting pulmonary mineralization/
ossification. Moderate RV enlargement and severe RA and main PA enlargement are
seen on the DV view, consistent with the ‘reverse D’ pattern of RV pressure
overload. These cardiac changes suggest pulmonary hypertension, likely secondary
to the severe interstitial lung condition. Moderate to severe hepatomegaly is also
noted.
ii. Cutaneous dystrophic mineralization of the truncal region (calcinosis cutis) is
sometimes seen in patients with hyperadrenocorticism. Calcium deposits can also
occur elsewhere in the body such as the bronchial or lung tissue. It was suspected
that this dog’s pulmonary mineralization was related to the endocrinopathy.
Mineralization associated with hyperadrenocorticism may be difficult to
differentiate from idiopathic pulmonary ossification. Most animals with the latter
condition are asymptomatic and the pulmonary lesions are an incidental finding.
With hyperadrenocorticism-associated cutaneous mineralization, resolution can
occur after weeks to months of endocrine therapy.

142

126, 127: Answers

127c



128 A 6-year-old Pomeranian has a history of episodic trembling, stiffening of the
limbs, weakness, vomiting, and panting. The dog is lethargic and thin (4.6 kg
[10.2 lb]). Body temperature is 40°C (104°F). A grade 4/6 systolic murmur and 
2/6 diastolic murmur are heard at the left base. Left femoral pulses are very strong, but
no right femoral pulse is palpable. Chest radiographs indicate mild gener a l ized
cardiomegaly. Neutro philia (>25,400/μl) with left shift, mild anemia (PCV 30%), and
thrombocytopenia (99,500/μl) are seen on CBC. Echocardiography shows LV volume
overload and moderate systolic dysfunction. These images are from the left cranial
long axis view (128a, systole; 128b, diastole; 128c, diastole). 1 – LV, 2 – Ao.
i. Describe the echo findings.
ii. What is your assessment of this case?
iii. What is your management plan?

128a 128b

128c
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128 i. A large, elongated vegetative lesion, attached to the aortic valve, extends
into the ascending aorta during systole, then moves back into the LV during
diastole. Color flow Doppler (128c) reveals marked aortic regurgitation, with
turbulent flow surrounding the vegetation.
ii. Infective aortic valve endocarditis is most likely here, based on the large
vegetative lesion along with fever, CBC abnormalities, evidence for arterial
thromboembolism (absent right femoral pulse), and other findings. In general,
presumptive diagnosis of endocarditis is based on positive blood cultures with
either echocardiographic evidence of vegetations or valve destruction (e.g.
ruptured chordae, flail leaflet tip) or documented recent onset of a regurgitant
murmur.
iii. Goals include identifying the organism and source of infection, choosing
appropriate bactericidal antibiotic therapy, and managing complications (e.g.
cardiac, thromboembolic). Enterococcus faecalis was cultured here; however,
negative blood and urine cultures do not rule out infective endocarditis.  

Aggressive antibiotic therapy is begun immediately after obtaining culture
samples, modified if necessary based on results, and continued for at least 
6–8 weeks. A combination of cephalosporin, penicillin, or synthetic penicillin
deriva tive with an aminoglycoside or fluoroquinolone is commonly used.
Clindamycin or metronidazole adds anaerobic efficacy.
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129a

129 A 10-year-old spayed female English
Setter is presented for progressive exercise
intolerance, excessive panting, and, recently,
collapse with minimal exertion. The dog is in
poor body condition. Cardiovascular examin -
ation indicates pale pink mucous membranes, jugular pulsations, and weak femoral
pulses that are correlated with the cardiac apex beat. Thoracic auscultation reveals
a holosystolic murmur heard best over the right apex and a ‘snappy’ second heart
sound, but no other auscultatory abnormalities. Right lateral (129a) and DV (129b)
thoracic radiographs are obtained.
i. What abnormalities are seen on the thoracic radiographs?
ii. What differential diagnoses should be considered?
iii. What additional clinical tests would be indicated?
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130 A 4-month-old male DSH
kitten is presented for cardiac
evaluation because of occa -
sional collapse episodes.
Physical exami nation is unre -
markable. An ECG is recorded
(130a, leads as marked,
25 mm/s except lower right
segment of lead II at 50 mm/s,
1 cm = 1 mV).
i. What do the arrows point to?
ii. What is your ECG interpretation?
iii. Describe the conduction abnormality present.
iv. Could this be associated with the collapse episodes? If so, how?

130a

129b



129  i. The main PA and major branches
(especially the right) are severely enlarged, but
become markedly truncated peripherally. The
mildly rounded right heart (129b) and main
PA bulge (1–2 o’clock position) create a
‘reverse D’ cardiac appearance. The rounded
RV also lifts the LV apex dorsally off the
sternum (129a).
ii. The ‘reverse D’ appearance suggests RV
press ure overload. Common causes are con -
genital pulmonic stenosis (PS) and PA hyper -
tension (PAH). PS is unlikely as the murmur in this older dog is not characteristic of
PS. However, the tricuspid regurgitation (TR) murmur and loud second heart sound
are typical for severe PAH, although not always heard. PAH can develop with chronic
airway disease, infiltrative lung disease, and pulmonary vascular disease, including
heartworm disease and pulmonary thromboembolism (PTE), as well as chronic left-
sided heart failure.
iii. Echocardiography can confirm PAH and suggest severity. Classic findings
include RV hypertrophy, right heart and PA dilation, and TR. Peak TR jet velocity
is used to estimate RV and (when PS is absent) PA systolic pressures. Vascular
abnormalities are sometimes identified, including the chronic in-situ PTE seen here
(129c); two hyperechoic thrombi (arrows) are within the dilated right PA. 

129c
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130 i. Calibration marks (with QRS complex superimposed in lead I).
ii. HR 220–240 bpm, with sinus rhythm. Mean electrical axis (0°) is normal. PR
interval is short (~0.03 second), QRS duration is increased (~0.06 second), and in lead
I, R wave amplitude (maximum QRS excursion) is greater than normal at 1.3 mV. 
iii. Ventricular pre-excitation. PR intervals are shortened because an accessory
conduction pathway bypasses the normal slow-conducting AV node. With extranodal
(outside the AV node) accessory pathways, the early ventricular depolarization causes
a widened and slurred QRS upstroke or ‘delta’ wave (arrows, 130b). This is typical
for Wolff–Parkinson–White type pre-excitation. The increased QRS amplitude here
is probably secondary to abnormal ventricular activation. 
iv. Yes. Re-entrant supraventricular tachycardia can occur via a macro-re-entry circuit
involving the accessory pathway and AV node (AV reciprocating tachycardia).
Usually, a ventricular impulse is conducted backwards through the accessory pathway
to the atrium, then down the AV node in the normal (‘antegrade’ or ‘orthodromic’)
direction to re-enter the ventricles. Rapid AV reciprocating tachycardia can cause
weakness, syncope, congestive heart failure, and death. Atenolol therapy controlled
this cat’s collapse episodes. 

130b



132 A 16-year-old spayed female cat was
previously diagnosed with hyperthyroidism and is
receiving methimazole. HR is 200 bpm. Respir -
ations are normal. An S4 gallop sound, but no
murmur, is heard. BP is 220 mmHg, systolic. A
lateral thoracic radiograph is obtained (132a) and
echocardiography is undertaken (132b, c). 1 – RV,
2 – LV, 3 – Ao.
i. What are the radiographic abnormalities?
ii. Describe the echocardiographic findings.
iii. How would you manage this cat’s hyper -
tension?

131 A young female Cocker Spaniel has
poor exercise ability (131). The owners
have become quite concerned over the
past 5 months because she has had
increasingly frequent episodes of
weakness or paralysis in her hindlimbs
when outside playing. At other times she
seems normal. Oral mucous membranes
are pink; femoral pulses are normal. The
precordial impulse is strong, especially on the right. HR and rhythm are normal. No
cardiac murmur is heard, but the second heart sound is quite prominent.
Respirations are normal. You take the dog outside and walk her; after a short time,
she becomes weak in the rear and resists walking further. The dog remains alert
with a normally pink tongue and oral membranes.
i. What are your initial differential diagnoses?
ii. Is the absence of a murmur surprising in this dog?
iii. Is evaluation of tongue/oral membrane color adequate to detect cyanosis with
exercise in this dog?

131

132a 132b

132c
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131 i. Most likely a right-to-left shunting (reversed) patent ductus arteriosus (PDA).
The observed hindlimb weakness and ‘apparent paralysis’ with exercise are typical
with reversed PDA because the caudal body receives relatively unoxygenated blood
through the shunt. The strong right precordial impulse suggests RV hypertrophy
(secondary to severe pulmonary hypertension). A loud, snapping (and sometimes
split) S2 sound on auscultation suggests pulmonary hypertension. Other
considerations could be arterial thromboembolic or other vascular disease affecting
the hindlimbs (although the normal femoral pulses contradict this) or a neuro -
muscular disorder. The abnormal precordial and auscultatory findings would not
be expected with these conditions.
ii. There is often no murmur or only a soft systolic murmur with reversed PDA; a
continuous murmur is not heard. Factors contributing to this include the reduced
pressure gradient between PA and aorta and an increase in blood viscosity as
secondary polycythemia develops. 
iii. No. Reversed PDA causes cyanosis of the caudal mucous membranes alone
(differential cyanosis). The cranial body receives normally oxygenated blood via
the brachycephalic trunk and left subclavian artery, which arise from the aortic
arch upstream from the ductus. Intracardiac shunts cause equally intense cyanosis
throughout the body.

132 i. The horizontal cardiac orientation is common in geriatric cats. Mild
cardiomegaly (VHS ~8.5 v) is consistent with chronic hypertension. The thoracic
aorta appears undulant (wavy). Aortic root enlargement and undulant thoracic
aorta are reported in hypertensive cats. 
ii. Mild interventricular septal (7 mm, 132b) and LV free wall (6 mm) hypertrophy
are seen. Chronic systemic hypertension can stimulate mild to moderate LV
hypertrophy. This cat’s gallop sound likely reflects increased ventricular stiffness
despite minimal hypertrophy. The ascending aorta is dilated (132c). Correlation
between ascending aortic diameter and systolic BP (SBP) has been shown in cats,
although aortic valve annulus diameter typically is normal. A proximal ascending
aortic diameter:aortic annulus diameter ratio ≥1.25 is reported in hypertensive cats.
iii. Hemogram, serum biochemistries (including T4), urinalysis, and ocular
examination are indicated. Underlying or concurrent disease is treated if possible.
Antihypertensive therapy is especially indicated when hypertension is severe (e.g.
>200/110 mmHg); SBP below (160–)170 mmHg is the usual therapeutic goal.
Amlodipine is the first-line therapy for most hypertensive cats. However, a beta
blocker is advocated for hyperthyroid-induced hypertension, so T4 measurement is
particularly important in this cat. Combination of benazepril with amlodipine may
be advantageous if there is underlying renal disease. 



134 A 3.5-year-old intact male Pomeranian
is presented for respiratory distress
associated with recurrent pneumo thorax.
Thoracic radiographs reveal the lesion seen
in these two intraoperative photographs
(134a, b, the animal’s head is to the left).
The surgical approach is via median
sternotomy.
i. What lesion has caused recurrent
pneumothorax in this dog?
ii. Why is median sternotomy a better
surgical approach than lateral thoracotomy
for this condition? 
iii. What intraoperative disadvantage is
encountered with median sternotomy
versus lateral thoractomy for treatment of
this condition?
iv. What is the reported advantage of
surgical treatment versus conservative
manage ment for this condition?

133, 134: Questions
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133 A 16-year-old male Miniature
Poodle is presented for respiratory
distress (133). He has a history of
coughing for the past month, with
lethargy and poor appetite developing
recently. Although the dog has coughed
when excited or nervous for a ‘long
time’, this seems different. One week
ago, another veterinarian prescribed
furosemide and torbutrol, believing the
lungs to be ‘very congested and the HR
irregular and slow’. The clinical signs
may have improved initially, but then worsened. Amoxicillin was also prescribed for
dental disease. The dog is orthopneic with marked inspiratory effort. Mucous
membranes are slightly cyanotic. Vital signs are temperature 38.9°C (102°F),
respirations 24 breaths/min, HR 130 bpm. A grade 2–3/6 systolic murmur over the
mitral area and increased breath sounds during inspiration are heard.
i. Is cardiogenic pulmonary edema likely in this dog? Why, or why not?
ii. What does this respiratory pattern usually signify?
iii. Besides providing supplemental O2, what would you do next?

133

134a

134b



134 i. A large pulmonary bulla encompasses nearly the entire right cranial lung
lobe. A pulmonary bulla is an air-filled space in the lung parenchyma formed when
adjacent alveoli become confluent. The cause of this confluence in most cases is
idiopathic. Spontaneous rupture of a bulla results in pneumothorax.
ii. Median sternotomy is performed when pulmonary bullae are diagnosed or
suspected, because multiple bullae and blebs may be present, and because lateral
thoracotomy does not allow exploration of all lung lobes. 
iii. The disadvantage of median sternotomy is that lung lobectomy is technically
more difficult than when lateral thoracotomy is performed, because the lobar
bronchus, PA, and pulmonary vein are located deep in the dorsal aspect of the
pleural cavity. 
iv. Surgical treatment is preferred instead of conservative management because
recurrence rates are lower with surgical intervention. Often, the bulla that has
ruptured has already sealed at the time of surgery, but the remaining lesion and
additional bullae can be excised, usually via partial lung lobectomy, to prevent
future episodes of spontaneous pneumothorax. Also, small blebs can be ruptured
intraoperatively and allowed to seal in a controlled, monitored situation to prevent
them from causing recurrent spontaneous pneumothorax.

133 i. No. Although the murmur is consistent with chronic mitral regurgitation,
which would be the most common cause of cardiogenic pulmonary edema in this
case, the relatively slow respiratory rate with labored inspiration is atypical,
especially with edema severe enough to cause cyanosis.
ii. Slow and labored inspiration is most often associated with upper airway
obstruction. Causes include laryngeal paralysis, severe cervical tracheal collapse,
laryngeal or tracheal foreign body, granuloma, tumor, or other mass lesion. 
iii. It is important to maintain a patent airway and support oxygenation. If patient
stability allows, radiographs of the laryngeal, cervical, and thoracic regions may
help localize the obstructive lesion. However, immediate sedation for laryngeal
examination and tracheal intubation (or, if necessary, tracheostomy under general
anesthesia) may be required. In this dog, one lateral radiograph permitted
localization of the obstructive lesion (see case 9), which was then surgically
removed.
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135 A 15-year-old female
Schipperke has sinus node dys -
function with prolonged periods of
sinus arrest and syncope. A
transvenous pacemaker system is
implanted via the right jugular vein
using a pulse generator in VVIR
mode. The following day this ECG
is recorded (135a, leads as marked,
25 mm/s, 1 cm = 1 mV).
i. What does VVIR mean?
ii. Does the ECG show a normal paced rhythm?
iii. What is your ECG interpretation?
iv. How can this happen?

135a

136 A 7-year-old spayed female mixed breed
dog is presented for reduced exercise tolerance,
a mild cough, and weight loss over the past
several weeks. Her vaccination status is
uncertain. She is on no medications. Another
dog in the household was recently diagnosed
with heartworm disease. The dog is thin, with a dull haircoat. There is mild jugular
distension and pulsation, a loud S2 sound heard best at the left base, and a grade 3/6
systolic murmur at the right apex. Lung sounds are harsh, but no crackles or wheezes
are heard. You obtain lateral (136a) and DV (136b) chest radiographs.
i. What is your radiographic interpretation?
ii. Do the dog’s physical findings suggest heartworm (HW) disease?
iii. What test(s) would confirm a diagnosis of HW disease?

136a 136b
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135 i. This pacemaker nomen clature
code indicates: chamber paced,
Ventricle; chamber where spontaneous
electrical activity is sensed, Ventricle;
pacemaker response to sensed event,
Inhibited (i.e. pacemaker does not
discharge when spontaneous cardiac
activation is detected within preset
timing cycle); and, pacemaker is Rate
responsive (i.e. rate of pacing changes with activity).
ii. No.
iii. HR is 80 bpm. Only occasional QRS complexes are pacemaker stimulated (‘P’,
135b); the others are junctional escape complexes. Six pacing artifacts that fail to
stimulate a QRS are seen (arrows denote some), indicating pacemaker ‘exit block’.
Also, occasional failure to sense spontaneous cardiac activity (‘entrance block’) is
evident (3rd arrow from left). Spontaneous (non-paced) cardiac activation should
be sensed and pacemaker output inhibited for a preset interval to avoid triggering
tachyarrhythmias. Sinus node activity is not evident, but occasional abnormal
negative P’ waves appear.
iv. Pacing and sensing failure can result from electrode dislodgement, cardiac
perforation, lead fracture or insulation break, loose connector pin, and increased
pacing threshold from tissue inflammation or fibrosis. Reprogramming of pulse
generator output and sensing parameters may restore normal function in the latter
case. Chest radiographs may depict lead dislodgement or fracture.

135b

136 i. The overall heart size is normal (VHS ~10.5 v), but there is right heart
prominence especially on the DV view. The main PA segment is enlarged and caudal
PAs are slightly larger than the 9th ribs, where they cross (136b); the cranial PA
(136a) is larger than the accompanying vein. Pulmonary hypertension is likely. The
lung fields are normal.
ii. The jugular distension and pulsation indicate high right heart filling pressure and,
in view of the right apical murmur, tricuspid insufficiency. The loud S2 sound is
consistent with an underlying cause of pulmonary hypertension, which often causes
a loud and ‘snapping’ or split S2. Given the history, HW disease is the likely etiology.
iii. An adult HW antigen test. Circulating microfilariae are naturally absent in some
(‘occult’) HW infections and monthly HW preventive drugs also eventually eliminate
microfilariae by impairing worm reproduction. Because this dog is not on monthly
HW preventive, a test for circulating microfilariae may yield the diagnosis (as it did
in this dog). Microfilaria concentrations tests (e.g. millipore filter or modified Knott
technique) are more accurate than fresh wet blood smear examination.
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137 A 13-year-old spayed female DSH cat
from the USA midwest has been coughing
intermittently for 2 years. She appears in good
physical condition, but is slightly tachypneic.
Physical findings include moderate dental
disease and mild lenticular sclerosis. Auscul -
tation indicates normal HR and rhythm, with
no obvious cardiac murmur; however, soft
pulmonary crackles are heard over the ventral lung fields. Lateral (137a) and DV
(137b) radiographs are taken.
i. Is heart failure likely in this cat?
ii. What are the main causes of coughing in cats?
iii. Describe the radiographic findings.
iv. What additional testing is recommended?

137a 137b

138 A Maine Coon cat is presented for
acute onset of tachypnea and respiratory
distress. The cat is open-mouthed
breath ing and the oral mucous mem -
branes appear dark red. The owners
mention that the cat tends to be very
curious and raided one of the kitchen
cabinets yesterday, spilling its contents
onto the floor. Thoracic radiographs are
interpreted as normal. Blood is sub -
mitted for routine CBC and bio -
chemistry tests. This blood smear (138) is stained with new methylene blue (100×,
oil immersion).
i. Is an abnormality seen on this blood smear?
ii. How is this related to the cat’s clinical signs?
iii. How would you manage this case?

138
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138  i. Heinz bodies are seen as pale blue bodies protruding from the surface of red
cells. Heinz bodies represent aggregates of precipitated, oxidized hemoglobin.
Oxidative damage to the red cell can occur as a result of ingestion of aceta -
minophen, onions, zinc, methylene blue, phenazopyridine, benzocaine, vitamin K3,
DL-methionine, propylene glycol, and phenolic compounds. 
ii. Oxidation of heme iron results in methemoglobin formation, which cannot bind
O2. Clinical hypoxia and cyanosis result.
iii. The only known compound to which the cat could have been exposed was
acetaminophen (in the kitchen cabinet). Treatment involves supportive care,
removal of the oxidative substance if possible, and administering N-acetylcysteine
(140 mg/kg PO or IV loading dose, followed by 70 mg/kg q6h for 7 treatments) to
provide an alternate substrate for conjugation with the reactive acetaminophen
metabolites. The prognosis in acetaminophen toxicity is variable and depends on
the dose ingested, identification (or suspicion) of the toxin, and treatment
promptness. This cat responded well to therapy and was discharged from the
hospital 4 days later.

137 i. No. Although some cats with cardiomyopathy have no murmur, cats with
congestive heart failure rarely cough. 
ii. Reactive airway disease (asthma), heartworm disease, and lungworm infection
are the most common diseases causing coughing in cats within this geographical
region. Lack of cough receptors in the pulmonary alveolar regions of cats may
explain an absence of coughing with lung parenchymal disease. Pharyngeal
irritation, nasopharyngeal polyp, drainage of nasal/pharyngeal secretions, and
hairballs also cause coughing/gagging sounds in cats.
iii. The heart size is normal. The PAs, especially those to the caudal lobes, are
markedly enlarged, but not tortuous. Bronchointerstitial lung infiltrates are present,
especially in the caudal lobes. There is a small amount of air in the cranial thoracic
esophagus; other findings include spondylosis, mild sternal deformity, healed rib
fractures (right caudal two ribs), and mild hepatomegaly. 
iv. Heartworm serologic tests are indicated, as the pulmonary infiltrates and arterial
enlargement are typical of this disease. Echocardiography can identify heartworm
disease when an adult worm is visualized in the PA or right heart. Airway washings
and fecal examination can be used to screen for lungworms. Serologic heartworm
tests were negative in this cat, but one adult worm was found at necropsy.
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139 A 7-week-old female Chow Chow cross is presented for her first examination
and vaccinations. The owners note that she regurgitates her food frequently. The
puppy is thin, but otherwise appears healthy. Auscultation reveals a continuous
murmur heard high at the left base and a systolic murmur that is loudest at the
right sternal border. Lateral (139a) and DV (139b) chest radiographs are obtained.
i. Describe the radiographic findings. 
ii. Is the cause for the dog’s regurgitation evident?
iii. What additional radiographic test is commonly done to verify this?
iv. Are the auscultatory findings typical for this problem?

139a

139b



139 i. The cranial thoracic esophagus is dilated and air filled. The cardiac silhouette
is enlarged. An interstitial infiltrate is in the caudal lung fields. Dilated pulmonary
vessels are seen on the DV view.
ii. Esophageal distension at the cranial heart base is characteristic for vascular ring
anomaly. Persistent right aortic arch (PRAA) is most common, but other embryonic
aortic arch malformations can entrap the esophagus within a vascular ring. PRAA
encircles the esophagus with the aortic arch (right and dorsal), ligamentum
arteriosum (left), and heart base (ventral). Because solid food cannot pass normally,
regurgitation and stunted growth commonly develop within 6 months of weaning.
Food and air can accumulate in the dilated esophageal segment. Aspiration
pneumonia is a common complication. Other radiographic signs of PRAA can
include leftward tracheal deviation near the cranial heart border (not seen well
here), focal tracheal narrowing and ventral displacement cranial to the heart, and
cranial mediastinal widening. 
iii. A barium esophagram depicts the esophageal stricture and cranial dilation
(139c).
iv. Vascular ring anomalies do not cause murmurs. Concurrent patent ductus
arteriosus and ventricular septal defect caused the murmurs, cardiomegaly,
pulmonary overcirculation, and early pulmonary edema in this dog.

139c
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140 A 3-year-old female spayed DSH cat is
presented for lethargy and vomiting over the
past 2 days. The abdomen is non-painful and
thin. Heart sounds are normal on the left, but
hard to hear on the right. The physical
examination is otherwise unremarkable. Ex ten -
ded thoracic radiographs (140a, b) are taken.
i. Describe the radiographic findings.
ii. What is the most likely diagnosis?
iii. How does this occur?
iv. What other tests can be used to confirm the diagnosis?

140a 140b

141 A 7-year-old castrated male DSH
cat is presented for lethargy of 3-week
duration and intermittent respira tory
difficulty over the past week. The cat
appears depressed. Heart sounds are
muffled, although a grade 2–3/6 systolic
murmur is heard at the left sternal
border. Pleural effusion is identified on
thoracic radiographs; the cardiac
silhouette is enlarged and globoid in
appearance. Echocardio graphy reveals
the presence of pericardial effusion.
Samples of pericardial fluid are prepared for cytologic examination. A cytospin
preparation is shown (141, Wright’s stain, 50× oil).  
i. What is the most likely diagnosis?
ii. What additional tests would be useful?

141
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140 i. The cardiac silhouette is extremely
enlarged and not clearly separated from the
diaphrag matic border. The trachea is displaced
dorsally. Fat and soft tissue opacities are seen
within the silhouette. A pleural fold (140c,
arrow) is evident between the silhouette and
diaphragm.
ii. Peritoneopericardial diaphragm atic hernia
(PPDH).
iii. Abnormal embryonic development, probably
of the septum transversum, allows persistent
communi cation between the pericardial and
peritoneal cavities at the ventral midline. The
pleural space is not involved. Although the
peritoneal–pericardial communication is not trauma induced, trauma can facilitate
movement of abdominal contents through a pre-existing defect. PPDH is the most
common pericardial malformation in dogs and cats.
iv. Plain radiography is often diagnostic or highly suggestive of PPDH. Other
findings can include gas-filled bowel loops within the pericardial sac, a small liver,
few organs in the abdominal cavity, and sternal or other thoracic deformity.
Echocardiography can show liver, fat, or bowel within the pericardium. A
gastrointestinal barium series is diagnostic if stomach or intestines are in the
pericardium. Non-selective angiography (especially if only falciform fat or liver has
herniated), positive contrast peritoneography, or CT are also useful. 

140c

141  i. Lymphoblasts are the predominant cell type in this sample, therefore a
cytologic diagnosis of lymphoma was made. This diagnosis was confirmed at
necropsy. Multiple thoracic organs were involved (heart, mediastinal lymph node,
parathyroid). Neoplastic pericardial effusion is much less common in cats compared
with dogs. In cats, congestive heart failure and feline infectious peritonitis are more
common causes of pericardial effusion.
ii. A CBC, chemistry panel, urinalysis, and FeLV testing would be useful to help
determine other organ involvement and prognosis. Abdominal imaging and bone
marrow sampling could also be performed for lymphoma staging. Additionally,
although a diagnosis of lymphoma can be confirmed with cytology alone,
immunophenotyping of cytologic samples is only available from certain laboratories
at this time. In this case, B cell lymphoma was confirmed with immuno -
histochemistry from histopathology samples taken at necropsy.
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143 A 12-year-old English
Cocker Spaniel was diagnosed
with a heart condition 2 weeks
ago at another clinic. At that
time, digoxin, furosemide, and
aspirin were prescribed. For the
past week the dog has been
lethargic and sleeps excessively.
His appetite is now poor. The
dog is quiet, but alert. Vital
signs are normal. There is a
grade 5/6 systolic murmur at
the left apex; lung sounds are
normal. CBC is normal; mildly
elevated alkaline phosphatase and cholesterol are the only biochemical
abnormalities. Radiographs show marked cardiomegaly with LA enlargement;
pulmonary vessels and lungs are normal. An ECG is recorded at admission (143a,
leads as marked, 25 mm/s, 0.5 cm = 1 mV) and 6 hours later in hospital (143b,
non-continuous lead II, 25 mm/s, 0.5 cm = 1 mV).
i. Describe the ECG findings.
ii. Are other tests indicated at this time? 
iii. What are your recommendations for this case?

142 A 3-year-old
spayed female German
Shorthair Pointer is
presented for lethargy,
fever, stiff gait, and
swollen limbs. Radio -
graphs of the distal
forelimb (142a) and
pelvis (142b) are shown.
i. What are the radio -
graphic findings?
ii. Why would thoracic
radiographs be indi -
cated for this patient?

142b142a

143a

143b
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143 i. HR is 50 bpm (143a). The rhythm is sinus bradyarrhythmia with periods of
sinus arrest. One junctional escape complex is seen (1st QRS from left). Increased 
R wave voltage (3.8 mV) suggests LV dilation. Intermittent first degree AV block occurs
(3rd complex from the left). Baseline artifact is present. Later, sinus bradyarrhythmia
with variable PR intervals continues (143b) and multiform ventricular premature
complexes appear (last complex on top and in bigeminal pattern on bottom). 
ii. The ECG abnormalities and clinical signs suggest digoxin toxicity. Serum digoxin
concentration should be measured and the digoxin dose closely evaluated. This 15 kg
(33 lb) older dog was receiving 0.25 mg digoxin PO q12h (2–3 times the recommended
dose). Serum digoxin concentration was 6.5 ng/ml in this dog (therapeutic range 
0.5–2.0 ng/ml). Echocardiography and BP measurement are also indicated. Besides
the arrhythmias here, digoxin toxicity can also cause more serious ventricular as well
as supraventricular tachyarrhythmias, junctional rhythms, and second degree AV
block.
iii. Discontinue digoxin immediately; monitor cardiac rhythm, serum electrolytes,
and pulmonary status. Cautious fluid administration with supplemental potassium
will promote digoxin excretion and reduce myocardial binding. If necessary, use
atropine or glycopyrrolate for excessive bradycardia. For severe digoxin-induced
ventricular tachyarrhythmia, use lidocaine first (or, if ineffective, diphenyl -
hydantoin). For critical digoxin overdose cases, digoxin-specific antigen-binding
fragment (digoxin-immune Fab) therapy is available.

142  i. Each femur shows smooth solid
periosteal new bone along the medial and
lateral length of the diaphysis. The meta -
carpals, radius, and ulna show a palisade
pattern of diaphyseal periosteal new bone.
Similar, but more faintly evident, periosteal
new bone is visible on the diaphyses of the
first phalanges. No cortical lysis is evident. 
ii. The character and distribution (particu -
larly on metacarpals 2 and 5) of the perio -
steal new bone is classic for hypertrophic
osteopathy (HO). HO is a systemic condition most commonly precipitated by
concurrent thoracic cavity disease. A wide variety of thoracic diseases, including
pulmonary, cardiac, and esophageal abnormalities, have been associated with HO.
Many dogs are presented for lameness caused by the HO rather than the underlying
thoracic disease. Thus, recognition of the lesions of HO should prompt radiographic
investigation for thoracic disease. The lateral thoracic radiograph (142c) of this dog
showed a large cranial thoracic mass determined to be a malignant sarcoma.

142c
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144 A 10-year-old neutered male Golden Retriever has developed signs of weakness
and abdominal fluid accumulation. On physical examination, his mucous
membranes are pale pink, femoral pulses are slightly weak, and jugular veins are
prominent. The precordial impulse is difficult to palpate. Heart sounds are very
soft, but lung sounds are normal. Chest radiographs show generalized cardiomegaly
with a large caudal vena cava. An echocardiogram is done: 2-D images from right
parasternal (144a) and left cranial (144b) long axis views are shown. 1 – RV, 
2 – LV, 3 – LA, 4 – RA.
i. Describe the echocardiographic findings.
ii. What is cardiac tamponade?
iii. What echo views are of particular importance in a case such as this?

144a 144b

1

2
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145 A 9-year-old female German Shepherd
Dog is presented for lethargy, abdominal
distension, and a gagging-type cough. Her HR
is rapid. Breath sounds are prominent and
occasional pulmonary crackles are heard. An
ECG is recorded (145, leads as marked,
50 mm/s, with a segment of lead aVF at
25 mm/s (bottom); 1 cm = 1 mV).
i. What is your ECG diagnosis?
ii. Is IV lidocaine therapy indicated?
iii. How would you manage this case?

145
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144 i. The echo-free space between the
bright parietal pericardium and epicardium
is pericardial effusion (144c, 5). Collapse of
the right atrial wall in diastole and early
systole (144c, arrows) indicates cardiac
tamponade. LA size appears compromised.
No mass lesion is evident in these images. 
ii. Cardiac tamponade occurs when peri -
cardial effusion increases intra peri cardial
pressure above normal cardiac diastolic
pressure. This external cardiac compression
progressively limits RV then LV filling;
systemic venous pressure increases and cardiac output falls. Weakness, exercise
intolerance, collapse, jugular vein distension, ascites, pleural effusion, and weak
femoral pulses are common sequelae.
iii. Pericardial effusion in older dogs is usually of neoplastic origin. Most cardiac
tumors involve the right heart, especially the right atrial appendage (hemangio -
sarcoma), or the aortic root region (chemodectoma and others). Mesothelioma is
another consideration and may have no discrete mass lesion. Although a complete
echo examination is important to visualize all possible structures, the best view of
the right auricle (144b) is obtained from the left cranial long axis position.

144c
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145 i. HR is 240 bpm. The rhythm is atrial fibrillation (AF); there are no
identifiable P waves and the rhythm is irregular as well as rapid. QRS complexes
are wide (~0.10 second) and abnormal; the mean electrical axis is shifted right and
cranial (between -150 and -90°). Right bundle branch block is likely, as the latter
part of the QRS is especially wide. Causes of right ventricular enlargement should
be considered.
ii. IV lidocaine is only occasionally effective against AF, although a standard initial
bolus is unlikely to be harmful. 
iii. IV diltiazem can rapidly reduce heart (ventricular response) rate in AF.
Auscultation after the HR is slowed may reveal abnormal heart sounds. Chest
radiographs and an echocardiogram are indicated to evaluate cardiopulmonary
status. This dog had dilated cardiomyopathy with congestive heart failure. 

Conversion to sinus rhythm is unlikely with severe cardiac disease. The usual
goal is to control HR (by slowing AV conduction) as well as manage underlying
disease and signs of heart failure (see also cases 38, 95, 124, 157, 187, 189, 190,
216). In-hospital HRs <150 bpm are desirable. Long-term AF therapy in dogs with
heart failure usually includes digoxin combined with PO diltiazem or a beta blocker.
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146 A 1-year-old female Newfoundland
developed progressive exercise intol -
erance and episodic collapse over the
past 2 weeks. Her body condition,
menta tion, respira tions, mem brane color,
and jugular veins are normal. Femoral
pulses are hypokinetic. A grade 4/6
systolic heart murmur is heard over the
low left base, with radiation to the right
base. Lung sounds are normal. CBC and
serum chemistries are unremarkable. The
cardiac silhouette appears mildly
enlarged (VHS 10.6 v), with left heart
prominence. Pulmonary vessels and
paren chyma are normal. Systolic BP is 110 mmHg. Echo cardio graphy is done; images
are from right parasternal long axis view in systole (146a, 2-D; 146b, color flow
Doppler) and subcostal view, LV outflow (146c, continuous wave Doppler).
i. Describe the echocardiographic findings.
ii. What is the diagnosis?
iii. Does this explain the dog’s clinical signs?
iv. How would you manage this case?

146a 146b

146c
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146 i. An area of increased echo genicity protrudes from the interventricular septum
(146a, d, arrow), narrowing the LV outflow region. Marked systolic turbu lence
occurs here (146b). Peak LV outflow velocity is greatly increased at 8.4 m/s
(284 mmHg estimated pressure gradient, 146c). LV free wall and papillary muscle
hypertrophy is seen (146a). (146d, 1 – LV, 2 – Ao, 3 – LA.)
ii. Severe congenital subaortic stenosis (SAS).
iii. Yes. Severe SAS may prevent sufficient increase in cardiac output to sustain
normal exercise. Paroxysmal tachyarrhythmias or reflex bradycardia also can cause
syncope. Severe SAS causes hypokinetic pulses because of slower rise to systolic
arterial pressure. The systolic ejection murmur of SAS is heard best at the low left
base (near the stenosis) and at the right base (radiating to the ascending aorta and
aortic arch).
iv. Exercise restriction and beta blocker therapy may reduce ischemia-induced
arrhythmia. The dog should not be bred; SAS is known to be inherited in
Newfoundlands. Risk for aortic valve endocarditis is increased with SAS, so
prophylactic antibiotic therapy is used for dental and other ‘dirty’ procedures.
Sudden death and congestive heart failure are common with severe SAS. Surgical
procedures have not convincingly improved prognosis.

146d
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147 An 11-month-old male mixed breed dog
weighing 31.8 kg (70 lb) was hit by a grain
truck 2 days ago. He was treated for shock
and then referred for evaluation of pelvic
injuries. On physical examination, the lung
and heart sounds are muffled and the heart
rhythm is irregular. Thoracic radiographs are made (147a, b).
i. What potential thoracic abnormalities should be suspected based on the physical
examination?
ii. What radiographic abnormalities are present?

147a 147b

148 An 8-year-old male Dobermann has become progress ively less active over the
past month. Two brief collapse episodes occurred recently. He now has a soft
persistent cough and a poor appetite but mildly increased thirst. The dog’s body
condition is good. Temperature is 37.8°C (100°F), pulse 170 bpm, and respiratory
rate 75 breaths/min with labored effort. Membranes are pale with 2.5 seconds
capillary refill time. The heart rhythm is occasionally irregular. A grade 1/6 systolic
murmur and a low-pitched soft diastolic sound are heard over the left apex.
Inspiratory pulmonary crackles and some wheezes are heard over all lung fields. An
ECG is recorded (148, lead II, 25 mm/s, 0.5 cm = 1 mV).
i. What is your ECG interpretation?
ii. What is your assessment of this dog?
iii. What is the most likely cause for the diastolic sound heard on auscultation?
iv. How would you proceed with this case?

148
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148 i. Normal sinus rhythm is seen at the beginning of the strip (some baseline
artifact is present), but a rapid paroxysm of ventricular tachycardia (VT; at
390 bpm) develops soon after. Sinus complex measurements are normal.
ii. Signalment, history, and clinical findings are consistent with dilated cardio -
myopathy (DCM) and left-sided congestive heart failure. Paroxysmal VT is
common in Dobermanns with DCM and often leads to syncope or even sudden
death.
iii. The timing, location, and low-pitch indicate a gallop sound, most likely the S3

(ventricular) gallop. This is associated with ventricular dilation and failure, typically
from DCM.
iv. Most urgent initially is to improve oxygenation (resolve pulmonary edema) and
suppress rapid VT. Supplemental O2, furosemide, and lidocaine should be used to
effect (or maximum recommended dose). Chest radiographs, echocardiogram, and
laboratory database are obtained as soon as patient stability allows. In addition,
pimobendan and angiotensin-converting enzyme inhibitor therapy is started.
Monitoring of heart rhythm, respirations, BP (IV inotropic support may be needed),
metabolic status, and general supportive care are important. If lidocaine does not
control the VT, other antiarrhythmic therapy (e.g. amiodarone or sotolol) should be
tried and continued PO if effective. Spironolactone can be added for long-term therapy.

147 i. Pneumothorax, pleural effusion (hemorr -
hage), rib fracture, pulmonary hemorr hage
(contusion), traumatic bullae, and diaphrag matic
rupture should all be considered as possible
thoracic sequelae of vehicular trauma. The
physical examination findings can vary widely
with these lesions. Although less common,
trauma to cardiac structures could cause peri -
cardial bleeding/effusion.
ii. Single fractures in the proximal region of right
ribs 7 and 8 are present (147c, arrows). The distal
segment of each rib is moderately displaced
cranioproximally. Rib fractures, particularly in
the proximal third, are difficult to detect radio -
graphically. Careful tracing of the borders of each
rib and comparing intercostal space width can improve detection of these fractures.
The lung in the region of the fractures has a moderate interstitial pattern consistent
with pulmonary hemorrhage. Within this region of soft tissue opacity is a thin-
walled circular lucency (asterisk in the center) consistent with a traumatic bulla.

The dog was successfully anesthetized the following day for replacement of a
right coxofemoral luxation and stabilization of a right femoral fracture. 

147c
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149 A 9-month-old female black
Labrador Retriever is presented for
evaluation of exercise intolerance and
increased panting. The referring
veterinarian has prescribed furosemide
and amoxicillin; the owner reports this
has helped her breathing. The dog is
alert and excited. She is small in stature.
Respirations are 48 breaths/min with
slightly increased effort. HR is >180
bpm. Mucous membranes are pink,
femoral pulses are of variable intensity
and irregular, and jugular veins are
normal. There is a grade 5/6 systolic
murmur loudest at the left apex, but
heard all over the precordium. Blood
pressure is 120 mmHg, systolic. Chest
radiographs show marked cardiomegaly (VHS 12.5 v) with LA and LV prominence.
Mild pulmonary interstitial infiltrates are seen in the dorsal/hilar region. An
echocardiogram is done (149a, 2-D right parasternal long axis in diastole; 149b, left
apical color flow in diastole; 149c, left apical color flow in systole)
i. Describe the echocardiographic findings shown.
ii. What is your assessment of this dog’s problem(s)?
iii. How would you manage this case?

149a 149b

149c

150 What general guidelines are important when treating bacterial pneumonia?



150 Antibiotic therapy and supportive care are fundamental. Airway secretion
culture and sensitivity testing should guide antibiotic selection whenever possible.
Amoxicillin–clavulanate (20–25 mg/kg PO q8h) or cephalexin (20–40 mg/kg PO q8h)
is often used while awaiting culture results. More aggressive or intravenous
antibiotic therapy is warranted if clinical signs are severe. Appropriate antibiotic
therapy is continued for a week or longer after signs disappear. Supportive care
includes supplemental O2, if needed, and good airway hydration to facilitate
secretion clearance. Fluid therapy and sterile saline nebulization (several times daily)
are helpful. Physiotherapy, by inducing deeper breaths and coughing, promotes
airway secretion/exudate mobilization. Chest coupage and/or mild exercise can be
used, and ideally follows nebulization. A bronchodilator may help some animals,
but can also promote ventilation/perfusion mismatching. Individual patient
monitoring is important. In general, cough suppressants, glucocorticoids, and
diuretics are avoided with bacterial pneumonia.

149 i. Findings include markedly dilated LA and LV, atrial fibrillation, and
thickened and deformed mitral leaflets with restricted opening (149a). Diastolic
flow acceleration (with aliasing) near the mitral valve orifice indicates mitral
stenosis (149b). Mitral regurgitation occurs in systole (149c). 
ii. Mitral valve dysplasia, with regurgitation and stenosis, is the underlying problem.
Atrial fibrillation with uncontrolled ventricular rate contributes to early congestive
heart failure. Mitral dysplasia occurs mostly in large-breed dogs. Malformations
include shortened or overly elongated chordae, direct valve–papillary attachments,
thickened or cleft leaflets, and malformed papillary muscles. Valve regurgitation
ranges from mild to severe. Mitral stenosis is relatively uncommon, but further
raises LA pressure. Medical management for congestive failure is used as needed;
surgical valve reconstruction or replacement could be an option. Prognosis is poor
with severe malformations. 
iii. The HR must be controlled (conversion to sinus rhythm is unlikely here);
diltiazem (with or without digoxin) is recommended. Furosemide is prescribed for
pulmonary edema, along with an angiotensin-converting enzyme inhibitor and
pimobendan for initial chronic heart failure management.
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152 A 14-year-old DSH cat
is euthyroid and clinically
well. A grade 2/6 systolic
murmur is heard at the left
sternal border. Echocardio -
graphy shows mild septal
hypertrophy and mild mitral
systolic anterior motion. An
ECG is recorded (leads I and
II, 25 mm/s, 1 cm = 1 mV)
(152).
i. What is your ECG interpretation?
ii. How does this abnormality occur? 
iii. What could happen if it worsens?
iv. Is cardiac drug therapy indicated at this time?

151 A 13-year-old female Cocker Spaniel is
presented for a 4-month history of coughing,
which has worsened over the past month.
She now often produces mucus at the end of
a coughing fit. Therapy with amoxicillin–
clavulanate, butorphanol, and prednisone
has been tried, but the cough persists.
Physical examination reveals harsh lung
sounds, but no cardiac murmur. Radiographs
show a moderate bronchial pattern. CBC
shows mild thrombocytosis, mild lympho -
penia, and mild eosinophilia. Serum chemistry
tests are normal. Heartworm antigen test is
negative. Bronchoscopy (151a, b) with BAL
is performed. BAL cytology reveals low to
moderate cellularity, consisting of 31%
neutrophils, 6% macrophages, and 63%
eosinophils, with mucus and cellular debris.
No obvious etiologic agents or neoplastic
cells are observed. 
i. What is your assessment of the broncho -
scopic findings?
ii. What etiologies should be considered?
iii. How would you manage this case?

151a

151b

152
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152 i. HR is 240 bpm, with regular sinus rhythm. Intermittent right bundle branch
block (RBBB) is seen, sometimes alternating with normal QRS conduction and
sometimes affecting multiple complexes in succession. Other measurements and
intervals are normal.
ii. Slowed or blocked conduction within any of the major branches of the
intraventricular conduction system (aberrant conduction) causes the region of
ventricular muscle served by the affected bundle branch to be activated late and
slowly. This widens the QRS complex and shifts orientation of the terminal QRS
forces toward the area of delayed activation, in this case the right ventricle. RBBB
can result from right ventricular disease or distension, but sometimes it occurs in
otherwise normal cats and dogs. In contrast, left bundle branch block is usually
related to clinically relevant LV disease. The left anterior fascicular block pattern is
common in cats with hypertrophic cardiomyopathy
iii. The major intraventricular conduction pathways (the right bundle branch and
the left anterior or posterior fascicles of the left bundle branch) can be affected
singly or in combination. If conduction were to fail in all three major branches,
third degree (complete) heart block would result.
iv. No, RBBB alone does not cause hemodynamic impairment.

151 i. The airway mucosa is diffusely thickened and irregular. BAL cytology shows
marked eosinophilic and moderate neutrophilic inflammation, suggesting
hypersensitivity response. 
ii. Allergic bronchitis, lungworm or heartworm infection, and eosinophilic lung
disease should be strongly considered. Bacterial bronchitis is less likely, but routine
microbiologic culture of BAL samples is recommended. The negative heartworm
antigen test and radiographic pattern make this disease unlikely. Fecal tests for
lungworms are indicated in endemic areas even though BAL samples were negative
for parasites; fecal tests were negative in this dog.
iii. Allergic bronchitis can result from hypersensitivity to inhaled or, possibly,
ingested allergens. Definitive identification of specific allergens is rare. Management
involves eliminating potential allergens and palliative gluocorticoid (e.g. 1–2 mg/kg
q12h initially) and bronchodilator therapy. Environmental allergens can include
smoke, dust, and mold/mildew. Food allergy may affect some cases; dietary trials
using novel protein and carbohydrate sources may help. Hypersensitivity to insects
that contaminate dry food during storage is possible; a canned-only diet can be
tried. Allergic bronchitis in dogs typically causes coughing without respiratory
distress, unless there is more widespread eosinophilic lung disease (pulmonary
infiltrates with eosinophils or eosinophilic granulomatosis). Peripheral eosinophilia
occurs inconsistently. Long-standing allergic bronchitis can cause airway pathology
similar to chronic bronchitis.
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153 A 7-year-old female Miniature Pinscher is
presented for coughing of 2-week duration. The
cough has worsened; it occurs during both day
and night, but is more intense with excitement.
Exercise tolerance and appetite are now poor.
The dog appears slightly depressed. HR and
rhythm are normal. Respiratory rate is
moderately increased. Lung sounds are harsh,
with increased effort and occasional expiratory
wheezes. A dry cough is easily elicited by
tracheal palpation. Other physical findings are
unremarkable. Thoracic radiographs show a 
3 cm mass in the right caudal or middle lung
lobe region. A hemogram reveals marked
eosinophilia (>7 × 103/μl), with a mild increase
in band neutrophils. Broncho scopy and a fine
needle aspiration (FNA) of the lung mass are
performed. FNA cytology shows many
eosinophils with both non-degenerate and
degenerate neutrophils, macrophages, cellular
debris, and occasional ciliated epithelial cells.
Some macrophages contain phagocytized red
blood cells and eosinophil granules. Broncho -
scopic images of the distal trachea (153a) and
proximal right bronchus (153b) are shown.
i. What do the bronchoscopic images show?
ii. What differential diagnoses should be considered?
iii. How would you manage this case?

153a

153b

154 What treatments are used for angiostrongylosis in dogs?
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154 Drugs used to kill Angiostrongylus vasorum include: fenbendazole 
(20–50 mg/kg for [5–]21 days); the combination of imidacloprid with moxidectin
(10[–25] mg/kg imidacloprid plus 2.5[–6.25] mg/kg moxidectin as a single dose
topical [0.1 ml/kg]); or milbemycin oxime (0.5 mg/kg PO once weekly for 4 weeks).

Supportive therapy should be given according to individual case need. This can
include supplemental O2, blood transfusion, antibiotics, and possibly a
corticosteroid. An angiotensin-converting enzyme inhibitor and diuretic are used for
congestive heart failure signs. Baermann fecal testing for 3 consecutive days at 
3–6 weeks after anthelmintic treatment is advocated to assess treatment efficacy.

153 i. A thick, mucopurulent exudate. The mucosa appears inflamed and
edematous. 
ii. Eosinophilic inflammation indicates a hypersensitivity response. Common causes
in endemic regions include pulmonary parasites and heartworm disease.
Occasionally, fungal or neoplastic disease can induce an eosinophilic response;
inhaled allergens or allergic drug response are other considerations. However, in the
absence of such causes, this dog’s pulmonary mass, FNA findings, and peripheral
eosinophilia are consistent with eosinophilic pulmonary granulomatosis. Pulmonary
nodule formation characterizes this severe form of eosinophilic lung disease in dogs.
Hilar lymphadenopathy, eosinophilic bronchitis, and peripheral eosinophilia also
variably occur. An underlying etiology is often not found. Bronchoscopic samples
in this dog showed a purulent eosinophilic exudate, with no bacterial growth on
cultures. Tests for pulmonary parasites and heartworms were negative. 
iii. If definitive diagnosis is still unclear after searching for identifiable causes of
eosinophilic pulmonary disease, lung mass biopsy can be helpful. Cure is more likely
if the triggering antigen can be identified and eliminated. Anti-inflammatory
glucocorticoid therapy (e.g. prednisone, 1–2 mg/kg PO q12h initially) is indicated,
especially if an inciting cause is not found. Addition of more aggressive
immunosuppressive therapy (e.g. cyclophosphamide, 50 mg/m2 PO q48h) is usually
necessary for dogs with large pulmonary nodules. 
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155 A 7-year-old male Boxer is presented for anorexia, weight loss, and more recently,
increased panting. On physical examination, the dog is tachycardic (180 bpm) and
has labored respirations. An ECG reveals sinus tachycardia; other parameters are
normal. VD (155a) and DV (155b) thoracic radiographs are available.
i. What radiographic findings are useful in assessing the cause of pleural effusion?
ii. What radiographic features in this case are suggestive of a thoracic mass versus
pleural effusion?
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ER A24  i. Although radiography cannot
differentiate between pleural effusion types,
thoracic structural changes can provide clues to
the cause. For example, cardiomegaly with
concurrent abdominal enlargement and effusion
in dogs suggests a transudate from right-sided
congestive heart failure. Rib fracture(s) strongly
suggests hemorrhage. Aggressive bone lesions
may indicate neoplastic transudate, hemorr -
hage, or exudate. Nevertheless, a fluid sample
should be obtained for analysis. 

This patient has active periosteal new bone
formation on the caudal borders of left ribs 
9 and 10 at the curvature of the chest wall
(155c). 
ii. Pleural fluid redistribution depends on fluid
type; transudates redistribute more evenly
within the thorax than exudates. A mass tends
not to move with positional changes. A fluid
opacity that cannot be moved from a thoracic
region by positional change indicates either
trapped or loculated fluid or a mass. 

Another finding that suggests a mass is altered
shape or position of adjacent organ(s). This is
easier to evaluate when the adjacent organ
provides contrast with the mass, as in this dog’s
DV view. A concave shape change in the left
caudal lung lobe’s lateral border from the 9th to
11th ribs, along with adjacent rib changes, strongly suggests a mass near or involving
the thoracic wall. Biopsy indicated a fibrosarcoma.

155c
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156 A 4-month-old male Sheltie puppy
is pre sen ted for car diac ex am  in ation
because of a heart murmur and
declining exercise toler ance. The puppy
is alert but quiet. Mucous membranes
are pink. Heart sounds are clearly heard,
as well as a grade 2/6, ill-defined systolic
murmur at the left base. Lung sounds
are normal. A prominent right apical
impulse is noticed, but other examin -
ation parameters are unremarkable.
Hematocrit is 0.47 l/l (47%). An echo -
cardiogram, among other tests, is done
(right parasternal short axis views; 156a, ventricular level, diastole; 156b,
heartbase; 156c, color flow Doppler, systole). 1 – RV, 2 – LV, 3 – Ao.
i. What is the significance of a prominent right apical impulse on chest palpation?
ii. Describe the findings shown in the figures.
iii. What recommendations would you give this owner?

156a 156b

156c

157 List important general guidelines for re-evaluating patients with chronic heart
failure.

1

2

1

3

1

3



157 Periodic re-evaluation is important because heart disease is progressive and
complications often occur: 
• Review medications and dosage schedules with the owner at each visit. 
• Ask about any problems with drug administration (and compliance) and

possible adverse effects. 
• Ask about the pet’s diet, appetite, resting breathing rate (which the owner

should be routinely monitoring at home), activity level, and any other
concerns. 

• Do a thorough physical examination. 
• Check BP. 
• Depending on patient status, other appropriate tests might include a resting

ECG or ambulatory monitoring, thoracic radiographs, hemogram, serum
biochemical tests (especially renal function and electrolytes), echocardiogram,
or serum digoxin concentration. 

• For patients with early and stable heart failure, recheck examinations every 
4–6 months may suffice. More frequent visits are needed for advanced disease. 

156 i. The precordial impulse is normally strongest over the left cardiac apex. A
stronger impulse on the right can occur with RV hypertrophy or cardiac
displacement to the right, as from a mass lesion, lung atelectasis, or chest deformity.
ii. There is RV hypertrophy and dilation (156a) consistent with systolic pressure
overload. The mildly dilated main PA appears to divide into three branches (156b),
rather than only right and left PAs; the third vessel, oriented downward, is a large
patent ductus arteriosus (PDA). Flow within this vessel moves away from the
transducer (coded blue, 156c), from PA towards aorta. This dog has severe
pulmonary hypertension with a right-to-left shunting (reversed) PDA.
iii. Pulmonary hypertension associated with congenital shunts is usually irreversible.
Reversed shunts cause hypoxemia and exercise intolerance. Reversed PDA causes
greater hindlimb weakness and differential (caudal but not cranial) cyanosis because
unoxygenated blood enters into the descending aorta (see case 131). Exercise
exacerbates right-to-left shunting by reducing peripheral vascular resistance;
exercise restriction is advised. Secondary erythrocytosis can compromise tissue
perfusion; hematocrit should be periodically monitored.

Sildenafil citrate may reduce pulmonary resistance and right-to-left shunting,
thereby improving clinical signs; ‘re-reversal’ to left-to-right ductal flow is rare.
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158a

158b

158 A 7-year-old spayed female Boxer is presented for cardiac screening prior to
anes thesia for remo val of a skin mass. She has normal exercise tolerance and
cardiovascular examination findings. Echocardiography reveals an occasional
ventricular premature complex, but normal cardiac chamber size and function; right
parasternal short axis (158a) and long axis outflow (158b) images are shown.
i. What abnormality is seen on these images?
ii. What dogs are more likely to be affected by this?
iii. What is the usual natural history?
iv. Is treatment usually effective?
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1

2

4

3

158 i. Note the (~3 cm) mass (arrows, 158c, 1 – RV, 2 – Ao, 3 – PA, 4 – LA) at the
aortic root between LA and PA. An aortic body tumor (ABT) is most likely,
although ectopic thyroid or parathyroid tumors occasionally occur at the heart
base.
ii. The majority of canine ABTs are reported in brachycephalic breeds, particularly
Boxers, Boston Terriers, and Bulldogs, but other breeds can be affected.
iii. ABT (chemodectoma) is the second-most common cardiac tumor. ABTs arise
from clusters of chemoreceptor cells near the aortic root (aortic bodies) that sense
blood O2 and CO2 tension. About half of affected dogs are between 10 and 15 years
and about a third are 7–10 years old when diagnosed. ABTs are usually slow
growing and locally invasive, but sometimes metastasize. They can be an incidental
finding, as in this dog, unless or until they cause pericardial effusion and cardiac
tamponade or dysfunction of surrounding structures.
iv. If cardiac tamponade develops, partial pericardiectomy or balloon peri -
cardiotomy may prolong survival for months to years, depending on tumor growth
rate. Surgical resection is rarely possible because of local invasion. ABTs are fairly
unresponsive to chemotherapy.
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159 An 8-year-old neutered DLH cat with sneezing and serous nasal discharge is
referred for cardiopul monary examination. Physical examination is unremarkable.
Although cardiac disease is not expected in this case, the owner requests additional
assurance regarding cardiac status. Thoracic radiographs and an ECG are done
(159; simultaneous leads I, II, and III at 50 mm/s; 1 cm = 1 mV). Radiographs are
normal. 
i. What is the ECG interpretation? 
ii. Is there an abnormal heart rhythm? If so, what is it?

159
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160 A 9-year-old dog develops abdominal distension, weakness, and increased
panting. Poor pulses, jugular distension, ascites, and muffled heart sounds are found
on examination. Chest radiographs enhance your suspicion of pericardial effusion
with tamponade. You perform pericardiocentesis (160a).
i. What equipment is used for pericardiocentesis?
ii. How is the patient positioned and prepared?
iii. Describe how to perform pericardiocentesis.
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160  i. An over-the-needle catheter system, with gauge and length determined by
patient size (some small side holes can be cut near the tip of large [12–16 g]
catheters for faster fluid removal); sterile extension tubing attached to a three-way
stopcock and a collection syringe; a collection bowl; sterile clot and EDTA tubes for
fluid samples; an ECG monitor.
ii. Manually restrain the patient in left lateral or sternal recumbency. Alternatively,
use an elevated echocardiography table with a large cut-out, restrain the patient in
right lateral recumbency, and tap from underneath (160b). Echo guidance is not
usually necessary. Prepare the skin surgically from right 3rd–7th intercostal spaces
and sternum to costochondral junction. Using sterile gloves and aseptic technique,
palpate for the cardiac impulse at the puncture site (usually between 4th and 6th
rib), then infiltrate 2% lidocaine into the skin, underlying intercostal muscle, and
pleura. 
iii. Attach the prepared extension tube assembly to the needle stylet within the
catheter. Advance the needle/catheter through a small stab incision, avoiding
intercostal vessels caudal to the rib. An assistant applies gentle suction to the
collection syringe as you slowly advance the needle towards the heart; aim the
needle towards the patient’s opposite shoulder. Pleural fluid may be aspirated first.
Pericardial contact causes increased resistance to needle advancement and a subtle
scratching sensation. Gently press through the pericardium; you may feel a loss of
resistance as pericardial fluid, usually dark red, appears in the tubing. Advance the
stylet/catheter unit slightly into the pericardial space before removing the stylet.
Attach the extension tubing to the catheter itself. Save samples for analysis then
drain as much fluid as possible.

160b

159  i. The HR is 200 bpm. The rhythm is normal sinus rhythm. The mean electrical
axis is thought to be normal. Complex measurements are also normal.
ii. No. The saw tooth appearance seen in the baseline at the beginning and near
the end of the strip is an artifact, created by purring. With close evaluation, one can
identify underlying sinus complexes that occur at the same intervals as the sinus
complexes seen clearly in the middle of the strip. The underlying sinus complexes
are seen best in leads I and III.
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161 You are performing pericardio centesis on
the dog from case 160 and obtain this
hemorrhagic fluid (161a). 
i. How do you know that you are withdrawing
pericardial fluid and not intracardiac blood?
ii. What complications can occur from
pericardiocentesis?

161a

162 A 6-year-old female Labrador Retriever from southern England is presented
for coughing and respiratory difficulty, which began 3 weeks ago and has worsened
considerably. Initial treatment with antibiotics and corticosteroids has not been
helpful. The owner notes frequent coughing and labored breathing now, and
mentions that recently a small wound on the dog’s tongue bled for a long time.
Hemoptysis has not been observed. The dog is bright and alert, but quickly becomes
tachypneic when walking around the room. Thoracic auscultation reveals
pulmonary crackles over all lung fields and a grade  3/6 holosystolic heart murmur,
loudest over the right parasternal region. Other physical findings are unremarkable.
Thoracic radiographs (162a) and an echocardiogram are obtained. Echo -
cardiography shows RV enlargement, diastolic interventricular septal flattening,
moderate tricuspid regurgitation (TR), with peak systolic velocity of 4.8 m/s, and
an abnormal PA flow profile (162b).  
i. What is your radiographic interpretation?
ii. How would you interpret the echocardiographic findings?
iii. What additional tests might be helpful?

162b162a



161 i. Pericardial fluid in dogs is usually dark red like venous
blood. To differentiate, drop a small amount onto the table or
into a serum tube. Pericardial fluid does not clot unless there is
very recent hemorrhage. Also, spin some in a hematocrit tube;
the PCV of pericardial fluid is usually lower than that of
peripheral blood, with yellow-tinged (xanthochromic) super -
natant (161b, left). As pericardial fluid is removed, the patient’s
ECG complex amplitude usually increases, tachycardia
diminishes, and the animal often appears more comfortable.
ii. Pericardiocentesis is a relatively safe procedure when carefully
done and extraneous needle movement within the chest avoided.
If the needle/catheter contacts the heart, a scratching or tapping
sensation is felt or the device moves with the heart beat; retract
slightly to avoid cardiac trauma. Direct myocardial injury or
puncture commonly causes ventricular premature beats, which
usually cease when the needle is withdrawn. Lung laceration is a
potential complication; pneumothorax and/or hemorrhage can result. Spread of
infection or neoplastic cells into the pleural space occurs in some cases. Coronary
artery laceration can occur and cause myocardial infarction or further intrapericardial
bleeding, but this is rare, especially with a right-sided approach to pericardiocentesis. 

161b

162  i. Overall cardiac size is normal (VHS 10.5 v), although there is mild RV
prominence. Bronchointerstitial pulmonary infiltrates, with areas of alveolar
pattern, are seen ventrally and cranially.
ii. Whenever septal flattening occurs, RV pressure exceeds LV pressure, during
diastole in this case. The high peak TR velocity indicates a systolic pressure overload
on the RV. Estimated RV systolic pressure is ~95–100 mmHg  (Bernoulli pressure
gradient = 4 × peak velocity2 plus assumed RA pressure of 3–8 mmHg). The normal
PA peak systolic velocity indicates pulmonary hypertension (PH) as the cause of
the RV pressure overload. The late systolic notching of the pulmonary flow signal
is abnormal and consistent with severe PH. RV enlargement and TR are common
sequelae. PH can result from severe lung or pulmonary vascular disease. 
iii. Routine laboratory and coagulation tests help screen for systemic disease and
possible bleeding disorder. Persistent cough indicates airway involvement.
Bronchoscopy and airway lavage for cytology and culture are indicated. Thoracic
CT could further characterize the pulmonary infiltrates or reveal other
abnormalities. Angiostrongylus vasorum can sometimes cause PH and is of growing
concern in the UK and northern Europe. Baermann fecal tests may detect its larvae.
Heartworm disease (Dirofilaria immitis) is generally not expected in this geographic
region, although its worldwide occurrence is spreading.
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164 An 11-year-old spayed female
Chihuahua-mix weighing 6.4 kg (14 lbs)
is presented for an intermittent dry and
occasionally ‘honking’ cough. She was
diagnosed previously with degenerative
mitral valve disease and pulmonary
hypertension, and has moderate mitral
and tricuspid valve regurgitation.
Besides the murmur, the physical examination findings are unremarkable. The dog’s
trachea is evaluated fluoroscopically during resting respiration and an induced
cough (164a is at peak inspiration; 164b at end expiration; 164c during the cough).
i. What is your diagnosis based on these images?
ii. What other conditions are commonly associated with this radiographic
diagnosis?

164a

164c

164b

163 Routine physical examination of a 10-month-old Collie reveals a loud murmur
at the high left heart base. Additional diagnostic tests are done and cardiac
catheterization procedures are pursued (163a, initial aortic angiogram; 163b,
postprocedure aortic angiogram).
i. What is shown on the initial angiogram, and what is your clinical diagnosis?
ii. Has the procedure been successful?

163a 163b
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163  i. A bolus of radiopaque contrast has been delivered to the aortic root via a
catheter ascending from the femoral artery. Contrast material is also present in the
main PA and its branches because of a left-to-right shunting patent ductus arteriosus
(PDA) (see 163c: 1 – PA, 2 – ductus, 3 – Ao). 
ii. Yes. A self-expanding device (Amplatz® Canine Duct Occluder) has been
successfully deployed. The narrow waist of the device straddles the junction
between PA and ductal ostium; the larger (top) portion is inside the ductal ampulla.
The dense nitinol mesh of the device occludes ductal flow. Contrast (appears dark
in 163b) delivered to the aortic root no longer passes through the ductus into the
PA. 163d shows the appropriately positioned duct occluder.

163c 163d

164  i. 164b and 164c show complete collapse of the mainstem bronchi. 164c shows
partial collapse of the intrathoracic trachea during the cough. This image also shows
extrathoracic movement and a striking curvature of the trachea during the cough.
However, there is no collapse of the portion showing pronounced ventral curvature.
Mild to moderate LA enlargement associated with mitral valve disease is also seen
(164a). Although marked LA enlargement can compress the main bronchi and
contribute to collapse, in this case echocardiographic examination indicated that the
LA enlargement was only mild.

This dog’s signalment is typical for dogs with collapsing trachea. Standard
radiography may be successful at demonstrating either extra- or intrathoracic
tracheal collapse particularly if comparative lateral images are acquired; one at the
peak of the inspiratory breath and one at end expiration. Some dogs only
demonstrate collapse during coughing. In such patients, dynamic evaluation by
fluoroscopy is needed. Fluoroscopic assessment usually shows a greater degree of
collapse than plain radiographs.
ii. These patients are often obese, but may be thin. They may have concurrent
acquired valve disease and chronic bronchitis.
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165 An 11-year-old male neutered cat is presented after 2 weeks of respiratory
difficulty. The cat is in good body condition, alert, and responsive, but appears
slightly uncomfortable. Respirations are rapid and shallow, with increased
abdominal effort. Femoral pulses are weak but regular. Thoracic auscultation
reveals sinus tachycardia (250 bpm), with an intermittent gallop rhythm.
Pulmonary crackles are heard over the caudal lung fields. Systolic BP is slightly low
(100 mmHg). Hematology, serum biochemistry, and thyroid test results are normal.
Thoracic radiographs show cardiomegaly, pulmonary venous engorgement, patchy
alveolar infiltrates, and mild pleural effusion. An echocardiogram is done; images
from the right parasternal position are shown (165a, 2-D long axis LV inflow; 165b,
M-mode at ventricular level; 165c, 2-D short axis at heart base). 1 – LV, 2 – LA,
3 – Ao
i. What is the clinical significance of an audible gallop rhythm?
ii. What is your diagnosis based on the clinical and echocardiographic findings?
iii. What therapeutic strategy would you advise for this patient?

165a 165b

165c
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165  i. ‘Gallop rhythm’ refers to audible S3 and/or S4 sounds. These diastolic sounds
are not heard in normal cats and dogs. They can become audible when myocardial
compliance is reduced (e.g. by myocardial hypertrophy or fibrosis) and ventricular
filling pressure is increased. The S4 gallop is most common in cats. 
ii. Findings indicate congestive heart failure (CHF). Echo images show LA and LV
enlargement with mild pericardial effusion, ascribed to CHF (165a, c). LV free wall
motion is markedly hypokinetic (165b, bottom). A thrombus (arrow, 165d) is
evident within the left auricular appendage. Restrictive cardiomyopathy (RCM)
was diagnosed. RCM is characterized by a restrictive filling pattern, minimal or no
LV hypertrophy, and severe LA enlargement. Myocardial fibrosis is common.
Myocardial infarction may explain the regional LV hypokinesis. 
iii. Furosemide is indicated for congestive signs. Pimobendan may improve systolic
function. Efficacy of other agents (e.g. angiotensin-converting enzyme inhibitor or
beta blocker) is unclear; some cats with RCM may benefit. However, with marked
systolic dysfunction (as in this cat), beta blockers are generally avoided or used only
cautiously because of their negative inotropic effect. The LA thrombus indicates
increased risk for arterial thromboembolism; low-dose aspirin, clopidogrel, or
possibly both, is advised, although prophylactic efficacy remains unclear. The
prognosis is guarded.
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166 A 2-month-old male Bichon Frise
developed a paroxysmal, nonproductive
(‘honking’) cough 1 week ago. Two days ago,
respiratory distress also developed. The puppy
appears lethargic, with increased respiratory
effort. Mucous membranes are slightly dry and capillary refill time is prolonged.
Rectal temperature is 39.8°C (103.6°F). CBC shows moderate leukocytosis 
(19.7 × 109/l, normal 6.0–15.0) with neutrophilia (15.7 × 109/l; normal 3.0–11.5).
Serum biochemistry tests are normal. Thoracic radiographs are shown (166a, b).  
i. What is your radiographic interpretation?
ii. What additional tests may be useful for this case?
iii. What empirical treatment would be indicated pending these test results?

166a 166b
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167 A 4-year-old spayed female
mixed breed dog is presented for
acute onset of respiratory distress
after eating a rawhide chew. A lateral
radiograph of the neck is taken (167). 
i. Is the rawhide chew evident in this
image?
ii. If not, what views will you add to
the evaluation?

167



166  i. There are diffuse interstitial and alveolar pulmonary infiltrates, most severe
throughout the right lung. Several air bronchograms are visible. Infiltrates are less
severe in the left lung. Cardiac size is normal. Considering this dog’s age and history,
canine infectious tracheobronchitis (‘kennel cough’) complicated by secondary
pneumonia is most likely. Canine influenza is another differential for the initial
cough and lung injury.
ii. BAL or tracheal wash is indicated to obtain samples for bacterial culture and
cytologic evaluation. Tests to rule out canine influenza can include PCR for viral
RNA, antigen detection, virus isolation, and serologic testing. 
iii. A wide-spectrum antibiotic is recommended while awaiting bacterial culture
results or if additional testing is not allowed. Bordetella spp. infection is often
susceptible to potentiated amoxicillin (e.g. amoxicillin–clavulanate 20–25 mg/kg
q8h), fluoroquinolones (e.g. enrofloxacin 10–20 mg/kg q24h), and tetracyclines
(e.g. doxycycline 5–10 mg/kg q12h). Patient hydration should be optimized.
Oxygen supplementation and cage rest are advised in severe cases. Mild sedation
can help reduce anxiety in particularly distressed patients. Nebulization and
coupage can help loosen and mobilize secretions. Gentamicin nebulization has been
helpful against Bordetella spp. in some cases. Some animals may need parenteral
nutritional support.
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167  i. An irregular, gas and soft tissue-mixed opacity is evident in the pharyngeal
region, overlapping with the larynx. Although this odd appearance could raise
suspicion of a foreign body, there are two findings that suggest this is unlikely. Note
the oblique positioning of the head and neck. This is evident by the excellent
definition of the dens of C2 and separation of the tympanic bullae. The ability
radiographically to evaluate the pharyngeal and laryngeal regions is markedly
compromised when positioning is oblique because of the summation of soft tissue,
bone, and gas-filled structures. The complex opacity in this case is the summation
of the ear pinna with the oropharynx. When producing radiographic images, it is
important to think about the placement of body parts, such as the pinna and skin
folds, as well as other objects external to the animal, such as collars, leashes, and
fluid administration tubing. At the caudal end of this image, the trachea deviates
more ventrally than normal at the thoracic inlet. This suggests an abnormal thoracic
esophagus.
ii. Lateral and DV or VD views of the thorax are indicated.



168 A 13-year-old female Labrador Retriever is
presented for cough ing of 1-month dur ation. Chest
radio graphs reveal a diffuse interstitial lung pattern
and a mass-like opacity in the right caudal thorax.
Bronchoscopy (168a, b, right lobar bronchi), with
BAL and biopsy, is done to further evaluate the
lungs before surgical removal of the pulmonary
mass is attempted. BAL fluid is only moderately
cellular; cytospin preparation shows basophilic cell
clumps scattered among numerous foamy macro -
phages, with occasional neutrophils and eosinophils.
Clumped cells have basophilic cytoplasm, one or
more prominent nucleoli, and marked anisocytosis
and anisokaryosis; some are multinucleated. Biopsy
specimens show neoplastic cuboidal epithelial cells
aligned in tubular or papillary formations separated
by dense fibrous connective tissue. 
i. What is seen in the bronchoscopic images?
ii. What is your assessment of this case?
iii. What are the most common tumor types in the
lung?

168a

168b

169 An 11-year-old spayed female Shih
Tzu is presented for chronic cough,
weight loss, and a mass on the right
forelimb 4th digit. The dog has always
lived in the midwest region of the USA.
In addition to the mass, hyperemia of the
associated foot pad, tachypnea, and an
enlarged right prescapular lymph node
are noted on physical examination. A
stress leukogram and mild hypoalbu mi -
nemia are the only abnormal findings on
CBC and chemistry panel. Thoracic radiographs show a diffuse alveolar pattern. BAL
is performed and samples submitted for cytologic evaluation and microbiological
culture. Shown is a direct preparation from the endotracheal tube following BAL
procedure (169, Wright’s stain, 50× oil). 
i. Identify the etiologic agent present in the figure.
ii. What is the preferred treatment?
iii. What is the prognosis?

169
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169  i. In the middle of the figure is a macrophage containing oval bodies that have
a thin clear halo surrounding a purple center. These are intracellular yeast,
morphologically consistent with Histoplasma capsulatum. There are also increased
numbers of neutrophils in the sample.
ii. Itraconazole is the preferred treatment for histoplasmosis in small animals.
Fluconazole may also be used and may be a better choice than itraconazole if the
central nervous system (CNS) and/or eyes are involved. Ketoconazole is less
efficacious against Histoplasma spp. infection, and therefore is generally not
recommended. Some cases of pulmonary histoplasmosis may be self-limiting;
however, antifungal therapy is still recommended to prevent dissemination of the
organism.
iii. The prognosis for appropriately treated disseminated histoplasmosis ranges from
fair to good, depending on which organ systems are involved. Infections involving
the eye, CNS, epididymis, and bone are more difficult to treat and therefore carry
a poorer prognosis.

168 i. Irregular soft tissue masses protrude into the bronchial lumen in each figure.
ii. The biopsy findings are consistent with pulmonary adenoma or well-
differentiated pulmonary adenocarcinoma (bronchioloalveolar carcinoma).
Although malignancy is not clear based only on the biopsy specimens, the presence
of more than one bronchial nodule, along with the radiographically evident
pulmonary mass and the atypical, neoplastic cells found on BAL cytology, indicate
this dog has metastatic bronchioloalveolar carcinoma.
iii. Lung tumors can be primary, multicentric, or metastatic. Primary lung tumors
are usually malignant. Carcinomas are most common, especially adenocarcinoma,
bronchoalveolar carcinoma, and squamous cell carcinoma. Multicentric tumors
involving the lung include lymphoma, malignant histiocytosis, and mastocytoma.
Pulmonary metastases are common and can originate from primary pulmonary
tumors as well as distant neoplasms. Pulmonary neoplasia causes variable clinical
signs depending on the structures involved and the extent of respiratory
compromise. In this case the cough presumably was triggered by metastases in the
airways. Prognosis for patients with pulmonary neoplasia not only relates to the
tumor’s histology, but also to whether metastasis has occurred. Surgical resection
can be effective for solitary pulmonary masses. Metastatic disease is often minimally
responsive to chemotherapy, with relentless progression and death from hypoxemia.
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170 A 7-year-old male American Cocker
Spaniel is presented for presurgical evaluation.
Lateral (170a) and DV (170b) chest radio -
graphs are obtained.
i. Describe the radiographic findings.
ii. What are your likely differential diagnoses?
iii. What do you recommend?

170a 170b

171 The dog in case 170 returns 2 weeks later.
He has been breathing harder and coughing
recently. No medications have been given.
Lateral (171a) and DV (171b) radiographs are
shown. Echocardiography shows dilation of all cardiac chambers, poor ventricular
wall motion, and moderate AV valve regurgitation. 
i. Describe the radiographic findings.
ii. What is the underlying disease process?
iii. How would you manage this case?

171a 171b
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170 i. There is generalized cardio megaly (VHS ~12.7 v).
The heart shadow is rounded, yet the contours of the
enlarged LA (170a) and LV apex (170b) are seen. 
A cranial lobar pul monary vein (large arrow, 170c) is dis -
tended compared with the accompany ing artery (small
arrow). Pulmonary parenchyma is normal.
ii. Dilated cardiomyopathy or chronic mitral and
tricuspid regurgitation are most likely. Pericardial effusion
is also possible, but the cardiac silhouette is not truly glo -
b oid and pulmonary venous distension would be unexpected. Tricuspid regurgitation
alone (either congenital or acquired) would not cause this pulmonary vascular pattern. 
iii. Careful physical examination and auscultation may provide additional clues
about the underlying cardiac disease. Echocardiography will depict abnormal
cardiac struc ture and function. Dilated pulmonary veins imply high pulmonary
venous pressure and incipient left-sided congestive heart failure. Resting respiratory
rate and activity level should be closely monitored and a reduced salt diet instituted.
Initiating angiotensin-conver ting enzyme inhibitor (or pimobendan) therapy now is
reasonable. Low-dose furo semide can also be considered. Follow-up examination
within 1–2 weeks is advised. 

170c

171 i. In addition to the cardiomegaly and pulmonary venous congestion seen in
previous radiographs (see 170a, b), pulmonary interstitial and alveolar infiltrates in
the hilar and caudal regions indicate cardiac decompensation with fulminant
pulmonary edema. 
ii. Echocardiographic findings are consistent with dilated cardiomyopathy (DCM).
Although DCM is most common in large dog breeds, Cocker Spaniels are also
known to develop DCM. Low plasma taurine, and sometimes carnitine,
concentrations have been found in American Cocker Spaniels with DCM.
Concurrent degenerative AV valve disease is common in Cocker Spaniels and likely
contributes to valve regurgitation in this case.
iii. Therapy for congestive heart failure includes furosemide, pimodendan, an
angiotensin-converting enzyme inhibitor, supplemental O2, and other supportive care
as needed. Plasma or whole blood taurine concentration measurement is
recommended; plasma concentrations <25(–40) nmol/ml and blood concentrations
<200 (or 150) nmol/ml are considered deficient. Plasma carnitine concentration is
not a sensitive indicator of myocardial carnitine deficiency. Oral taurine and L-
carnitine supplementation (see Drugs used for cardiac and respiratory diseases, pp.
255–261) can improve LV function and reduce heart failure medication requirement
in Cocker Spaniels. Taurine alone is useful in some but not all Cockers with DCM.
Three to 4 months is allowed to determine if echocardiographic improvement will
occur.



172 A 17-year-old spayed female Keeshond is presented late at night after two
episodes of collapse that day. She is otherwise well and has no previous history of
collapse. She is alert, with slight tachypnea and tachycardia. No cardiac murmur is
heard and lung sounds are normal. An ECG shows sustained ventricular
tachycardia, which converts to normal sinus rhythm after a lidocaine bolus.
Constant rate lidocaine infusion is given through the night. Chest radiographs the
following morning are unremarkable. An echocardiogram is done; right parasternal
views are shown (172a, short axis at ventricular level; 172b, long axis 4-chamber).
1 – RV, 2 – RA, 3 – LV, 4 – LA.
i. Describe the echo findings.
ii. What are your differential diagnoses?
iii. Are other tests or therapy indicated?

172: Question
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172c

172 i. The anteromedial papillary muscle and LV apical area are thickened and
slightly hypoechoic compared with the surrounding myocardium (172a).
ii. The asymmetric thickening and altered echo genicity suggest infiltrative disease.
Myocar dial lym phoma or other neoplasm, including hem angio sarcoma (HSA) or
metastatic tumor, should be considered. Other unusual differentials include
granulomatous inflammatory lesions or asymme trical hypertrophic cardio myopathy
(although hypoechogenicity would not be expected). 
iii. Careful peripheral lymph node and abdominal palpation, thoracic and
abdominal radiographs, routine laboratory database, and abdominal ultrasono -
graphy to look for evidence of neoplastic or inflammatory disease elsewhere.
Cardiac troponin assay may indicate ongoing myocardial damage (suggested by
ventricular tachyarrhythmia). Ventricular antiarrhythmic therapy is indicated. 

Several splenic masses were identified ultrasonographically. Postmortem
examination confirmed HSA in the LV (172c), spleen, and other organs. The LV
location is unusual; most cases of cardiac HSA involve right heart structures,
especially the right auricle. Also unusual is the dog’s advanced age. Although cardiac
tumor occurrence increases with age, prevalence drops in dogs older than 15 years.
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174 A 4-year-old female Labrador Retriever is
referred for evaluation of an arrhythmia. Two
months ago she began coughing. One week ago
she had an episode of respiratory distress that
improved after furosemide administration. She is alert but quiet, with increased
respiratory rate and effort. Mucous membranes are pale pink, with a 2–3 seconds
capillary refill time. HR is ~220 bpm and irregular. Harsh lung sounds and soft
crackles are ausculted; a murmur is suspected, but tachycardia and increased lung
sounds make it difficult to characterize. The ECG rhythm is atrial fibrillation.
Lateral (174a) and DV (174b) chest radiographs are shown (ECG electrodes are
visible).
i. What are the radiographic findings?
ii. What are your differential diagnoses?
iii. What would you do next?

174a 174b

173 A 9-year-old female
mixed breed dog is referred
for repair of a fractured femur.
The dog has been healthy and
active until she was hit by a
car 2 days ago. Her heart
rhythm is irregular. Pulses are
strong; mucous membrane
color, capillary refill time, and
hydration are normal. BP is normal. Chest radiographs are normal. She is on no
medication. An ECG is recorded (173, lead II, 25 mm/s, 0.5 cm = 1 mV).
i. What is the ECG rhythm diagnosis?
ii. Should lidocaine or another antiarrhythmic drug be given?
iii. How would you manage this case?

173
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173 i. Sinus arrhythmia with an intermittent accelerated idioventricular rhythm at
approximately the same HR as the sinus rhythm (90–100 bpm). The ventricular
rhythm appears as the sinus rate slows. First degree AV block with variable PR
intervals is also present and may reflect high vagal tone or AV nodal injury/disease.
PR prolongation is greatest as the increasing sinus rate interrupts the idioventricular
rhythm, suggesting partial retrograde AV conduction. 
ii. No. The dog’s physical condition and normal chest radiographs indicate good
hemodynamic status.   
iii. Continued monitoring of HR, rhythm, AV conduction, and hemodynamic status
is important. If the idioventricular rate increases markedly (e.g. >140–150/min), or
multiform or irregular ventricular tachycardia develops, antiarrhythmic therapy
may become necessary. Fracture repair and continued supportive care are indicated.
Post-traumatic cardiac arrhythmias usually appear within 1–2 days after trauma.
Possible causes of myocardial injury and arrhythmias could include
acceleration–deceleration forces, autonomic imbalance, ischemia, or electrolyte and
acid–base disturbance. Ventricular premature complexes, ventricular tachycardia,
and accelerated idioventricular rhythm (usually 60–100 bpm) are common.
Accelerated idioventricular rhythm is usually benign, often evident only when the
sinus rate slows, and generally disappears within 1–2 weeks in animals without
underlying heart disease. 

174 i. Cardiomegaly (VHS >15 v) with marked LV and LA enlargement (174a) is
present, with increased hilar interstitial opacity suggesting cardiogenic pulmonary
edema. A left auricular bulge is evident (2–3 o’clock position) on DV view. Caudal
pulmonary vessels and aorta are not well visualized, but cranial lobar pulmonary
vessels look slightly dilated. In dogs, the width of the cranial lobar vessels, where
they cross the 4th rib, is normally 0.5–1.0 times the width of the proximal 1/3 of
that rib. Caudal lobar vessels are normally 0.5–1.0 times the width of the 9th rib
where they cross.  
ii. Causes of marked left heart enlargement include dilated cardiomyopathy, chronic
severe mitral valve insufficiency (either acquired or congenital), and certain
congenital left-to-right cardiac shunts; all of these can cause pulmonary edema.
Enlarged lobar pulmonary vessels can occur from pulmonary overcirculation or
venous congestion with pulmonary hypertension secondary to left-sided heart
failure.
iii. Additional furosemide (for pulmonary edema) and diltiazem (to reduce HR from
atrial fibrillation) are indicated immediately. As respiration improves and HR
becomes more controlled, auscultatory findings should be reassessed. Echo -
cardiography is warranted to evaluate cardiac structure and function, and further
direct therapy.
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175 An echocardiogram is done in the
dog in case 174. Images shown are from
the right parasternal position (175a,
long axis in diastole; 175b, long axis in systole; 175c, M-mode at mitral valve level;
175d, short axis color flow in diastole). 1 – LV, 2 – LA, 3 – RA, 4 – RV, 5 – Ao, 
6 – PA.
i. Describe the echo abnormalities seen.
ii. Does this dog have idiopathic dilated cardiomyopathy?
iii. How would you manage this case?

175b

175c 175d
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175e

175 i. There is severe LA and LV dilation, with little change from diastolic to
systolic chamber size, and wide mitral E-point–septal separation (>10 mm, 175c)
consistent with marked LV dysfunction. Restricted mitral motion from congenital
valve stenosis or aortic regurgitation are other causes of wide E-point–septal
separation, but were not found here. Atrial fibrillation caused irregular mitral
opening with ‘A’ point loss (175c). 175d shows diastolic flow disturbance into the
dilated left PA from a left-to-right shunting patent ductus arteriosus (PDA), which
led to severe LV and LA volume overload, myocardial dysfunction, atrial
fibrillation, and congestive heart failure. A left cranial long-axis image (175e, 
6 – PA, 7 – RV outflow tract, 8 – descending Ao) shows the PDA jet (arrow) from
the descending aorta into the PA.
ii. No. Cardiac failure is secondary to chronic PDA.
iii. First, treat the congestive signs and uncontrolled heart rate using standard
therapies (pimobendan, furosemide, angiotensin-converting enzyme inhibitor,
diltiazem +/- digoxin, and dietary salt and exercise restriction). After the patient is
stable, PDA closure is recommended to reduce hemodynamic load. Medical
management for heart failure and heart rate control is continued as needed.

198

175: Answer

6

7

8



199

176, 177: Questions

176 A 6-year-old female Labrador
Retriever is presented for chronic
coughing. She appears to be doing well
otherwise. Thoracic radiographs (176a, b)
are obtained.
i. What is the abnormal radiographic pattern present?
ii. What is the significance of this pattern?

176a 176b

177 The 2-month-old Bichon
Frise puppy in 166 is evaluated.
Chest radiographs reveal diffuse
pulmonary inter stitial and
alveolar infiltrates, espe cially
throughout the right lung. Bron -
choscopy shows edema and
inflammation of the bronchial
mucosa, with fluid and mucus
partially obstructing the bronchial
lumen. A cytologic specimen from
BAL fluid is shown (177).
i. What is the predominant
feature of the BAL cytology? 
ii. What other assessment should be done?
iii. Based on the information available, how would you manage this case?

177
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176  i. The ventral lung regions show dilated
bronchi extending to the lung periphery (176c).
Some of these bronchi have a beaded contour
and some show saccular terminal dilations. This
is a bronchial pattern with bronchiectasis. An
alveolar pattern is also present in the periphery
of the middle lung region.
ii. This bronchial pattern generally indicates
chronic airway disease, involving either the
bronchial wall or supporting connective tissue
surrounding it. Bronchiectasis is an irreversible dilation of the bronchial lumen; it
usually is associated with chronic bronchial inflammation/infection, with consequent
mural weakening and accumulation of secretions.  

Several types of bronchiectasis are described: (1) cylindrical, characterized by
dilated bronchi without peripheral tapering (the most commonly reported type in
dogs); (2) varicose, where the wall assumes a beaded appearance; (3) saccular, with
single or multifocal bulbous (saccular) dilations at the distal bronchus; and 
(4) cystic, where strings or clusters of rounded cavities occur along the dilated
bronchus (‘balloons on a stick’). The usual presenting complaint with bronchiectasis
is coughing. Dogs older than 10 years, as well as American Cocker Spaniels, West
Highland White Terriers, Miniature Poodles, Siberian Huskies, and English Springer
Spaniels, may be at increased risk.

176c

177  i. The BAL fluid cytology indicates septic neutrophilic inflammation. There is
a mild amount of mucus and some extracellular material resembling bacterial rods.
These findings are consistent with infectious bronchopneumonia.
ii. Bacterial culture and sensitivity testing is indicated to identify the etiologic agent
and the most appropriate antibiotic treatment. In this case, Bordetella bronchiseptica,
which was sensitive to amoxicillin–clavulanate, enrofloxacin, gentamicin,
streptomycin, and tetracycline, was isolated from the BAL culture. B. bronchiseptica
is a small gram-negative bacterium that commonly causes canine infectious
tracheobronchitis (kennel cough). Other infectious agents that can be involved include
canine adenovirus-2, parainfluenza virus, and canine respiratory coronavirus. The
disease is usually self-limiting unless complicated by broncho pneumonia, which may
develop in unvaccinated puppies or immunocompromised adults.
iii. Antibiotic therapy should be provided based on the culture results. Supportive
care is also important. Depending on patient status, this can include hospitalization,
supplemental O2, and parenteral antibiotic and fluid administration (to maintain
good hydration). Physiotherapy (coupage) and airway nebulization can help mobilize
airway secretions. Cough suppressants are avoided with bacterial pneumonia.



178: Question

201

178 A 5-year-old spayed female DSH cat is presented for suspected trauma after
being found in the neighbor’s yard breathing with difficulty. The cat is laterally
recum bent, with open-mouth breathing and in apparent shock. After initial stabili -
zation, physi cal examina tion reveals a chin abrasion and small holes with bruising
on the ventral thorax. Thoracic auscultation is normal. Palpation of the limbs and
abdomen is normal. Despite a return to closed-mouth breathing, the respiratory
rate remains elevated. Thoracic radiographs (178a, b) are taken.  
i. Are thoracic wall abnormalities present?
ii. Are intrathoracic abnormalities present?

178a

178b
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178  i. Three electrocardiographic electrodes have been applied to the skin of the
thoracic wall. There are small subcutaneous gas shadows present along the sternum,
particularly between sternebrae 3 and 6. Similar gas shadows are present in the
right thoracic wall from the axilla to the 5th rib. There is increased bone opacity
at the caudal half of the 6th sternebra due to cranial luxation (overlapping) of the
6th intersternal joint (178c, arrow). There is also detachment of the sternocostal
joint as noted by the ventral positioning of the distal ends of the 7th costal
cartilages. The small holes in the skin are likely due to bite wounds.  
ii. There is no radiographic evidence of pleural space, lung, or cardiac
abnormalities. The absence of radiographic pneumothorax does not exclude the
potential for a bite wound to enter the thoracic cavity. Careful evaluation of the bite
wounds, including probing, is needed. Respiratory rate can increase as a response
to pain, no doubt associated with the sternal luxation.

178c



179 The dog in 177 is further evaluated with
lateral (179a) and DV (179b) thoracic
radiographs.
i. What is the location of the rawhide chew?
ii. What is the explanation for the gastric shadow size?

179a 179b

180 A 10-year-old neutered male Sheltie
is presented for progressively worsening

hindlimb weakness over the past week. There has been no known trauma. The dog
is alert, but unable to support weight with his hindlimbs (180a), which are slightly
cool to the touch and show abnormal conscious proprioception (180b). Femoral
pulses are non-palpable. Body temperature is 37.7°C (99.9°F), HR is 132 bpm;
respirations are labored at 76 breaths/min. Other physical findings are
unremarkable. Chest and abdominal radiographs show no abnormalities.
i. What is the most likely cause of this dog’s hindlimb weakness?
ii. What tests would be useful to confirm this?
iii. What underlying conditions can predispose to this?
iv. What are the general management goals in cases such as this? 

180a 180b
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179  i. The thoracic images show
moderate ventral and sharp rightward
deviation of the trachea at the level of
the 3rd rib. In the DV view (enlarge -
ment, 179c), a circular radiolucency
with a soft tissue border summated
(superimposed) with T3 is seen on the
left side of the tracheal deviation. This
feature has about the same diameter as
the width of T3. Thin, parallel soft
tissue opacity lines course through the
mid and caudal thorax at the expected
location of a thoracic esophagus that
appears moderately dilated. The
stomach is in a normal position, but markedly distended with gas. The combination
of findings indicates that the foreign material is in the cranial thoracic esophagus
at approximately the level of the 3rd rib.  
ii. Patients in acute respiratory distress are often aerophagic. This can cause dilation
of all parts of the alimentary tract with air.

179c

180 i. Caudal aortic thromboembolism (TE). Dogs with arterial TE usually show
clinical signs for days to weeks, in contrast to the peracute paralysis typical in cats.
Signs include pain, hindlimb paresis, lameness or weakness (often progressive or
intermittent), and chewing or hypersensitivity of affected areas. Physical findings are
similar to those in cats with aortic TE: absent or weak femoral pulses, cool
extremities, hindlimb pain, loss of sensation in affected digits, hyperesthesia,
cyanotic nailbeds, and neuromuscular dysfunction.
ii. Aortic TE usually can be visualized with abdominal ultrasonography or other
imaging modalities. TE elevates circulating D-dimer concentration, although a
modest increase can accompany neoplasia, liver disease, immune-mediated and
other diseases. Skeletal muscle ischemia and necrosis from arterial TE also elevates
muscle enzyme concentrations.
iii. Diseases causing vascular endothelial damage, blood stasis, or hypercoagul ability
promote TE. Arterial TE in dogs has occurred with protein-losing nephro pathies,
neoplasia, hyperadrenocorticism, chronic interstitial nephritis, gastric dilatation–
volvulus, pancreatitis, sepsis, endocarditis, vasculitis, and other conditions.  
iv. Management goals are to stabilize the patient (fluids and other supportive care
as needed), prevent additional TE (antiplatelet and anticoagulant therapy), and
identify underlying disease(s) and treat as possible. Thrombolytic therapy is
sometimes given, but there are dosage uncertainties, intensive monitoring
requirements, and potentially serious or fatal complications.
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182 A 14-month-old spayed female mixed breed cat (182a) is presented for
emergency treatment of acute-onset respiratory distress and whole body ‘bloating’.
Ten days prior to this an ovariohysterectomy was performed; incisional dehiscence
occurred but was subsequently repaired. The cat’s respiratory distress resolves with
supplemental O2 and she remains stable overnight. Nevertheless, the owners request
euthanasia. A lesion is discovered at postmortem examination (182b).
i. What is the medical term for the whole body ‘bloating’ in this cat?
ii. What is the cause of this cat’s respiratory distress and ‘bloating’? 
iii. Does the cat’s previous surgery relate to this condition? If so, how?
iv. What other procedure is commonly associated with this condition in cats, and why?
v. Does surgical or non-surgical management yield better results in this condition?
vi. What can be done to prevent this condition from occurring?

181 A 14-year-old female Schnauzer/
Poodle-cross develops cough ing and
recent exercise intolerance. She was
previously diagnosed with chronic mitral
and tricuspid regurgitation and mild
pulmonary edema, for which furosemide,
aminophylline, and digoxin were
prescribed. Chest radiographs today
indicate cardiomegaly but no pulmonary
edema. You hear an arrhythmia and
record this ECG (181a, b, leads as
marked, 25 mm/s, 1 cm = 1 mV).
i. What is your ECG interpretation?
ii. What does the arrow in 181b
indicate?
iii. How would you adjust this dog’s
medication?

181a

181b

182b182a
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181 i. HR is 180 bpm. The rhythm is
sinus tachycardia with frequent atrial
premature complexes (singles and pairs;
asterisks, 181c). The mean electrical axis
is shifted rightward (to -150°). The
widened terminal portion of the QRS
suggests right bundle branch block, although marked right ventricular enlargement
is possible. The P waves, seen more easily as HR slows (181b), are widened at 
0.06 second, consistent with LA enlargement. PR intervals are upper normal to
slightly prolonged (0.13–0.16 second), which could be a digoxin-induced effect or
indicate more widespread conduction system disease. 
ii. Calibration signal superimposed on a sinus QRS complex.
iii. More frequent atrial tachyarrhythmias could underlie these clinical signs.
Aminophylline’s sympathomimetic effects can exacerbate arrhythmias; reducing the
dose or discontinuing aminophylline may help. Ambulatory ECG monitoring can
detect intermittently worse arrhythmias. Alternatively, diltiazem or atenolol can be
added as a clinical trial. Digoxin suppresses some atrial tachyarrhythmias, but its
serum concentration should be verified. Serum chemistries should also be measured.
Pimobendan and an angiotensin-converting enzyme inhibitor are recommended for
chronic heart failure management.

181c

182  i. Subcutaneous emphysema is the accumulation of air in the subcutaneous
tissues. 
ii. The cause of subcutaneous emphysema and respiratory distress in this cat was a
tracheal tear.
iii. The tracheal tear probably occurred during either the ovariohysterectomy or
hernia repair as a result of endotracheal tube trauma. 
iv. Dentistry procedures are frequently implicated in tracheal tears. The repeated
repositioning of the animal during such procedures causes rotation of the
endotracheal tube, which can strain and tear tracheal tissue. 
v. Surgical treatment involves tracheal suturing or resection of the damaged trachea
and anatomosis. However, conservative management of a simple tracheal tear, like
the one shown in 182b, is often as effective as surgical repair. 
vi. Careful endotracheal tube selection and insertion can prevent tracheal tearing.
Endotracheal tubes with high-volume, low-pressure cuffs are preferred over those
with low-volume, high-pressure cuffs because they minimize tracheal injury.
However, the main preventive measure during anesthesia is to disconnect the
endotracheal tube from the anesthetic tubing whenever the animal must be
repositioned. The torque on the trachea at the inflated cuff as the tube is twisted is
the most likely cause of the tear. 
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184 These radiographs (184a, b) are from a
9-year-old male West Highland White
Terrier that is presented for exercise intolerance of several month’s duration.
Recently, an occasional cough has been noted. The dog has had no other past
medical problems and is current on routine vaccinations and heartworm preventive.
i. What is the likely disease process(es)?
ii. What other diagnostic tests are indicated?
iii. How would you manage this case?

183 A 14-year-old spayed female
German Shepherd Dog is presented for
evaluation of a large abdominal mass.
The owners mention that over the last 
6 months she has seemed slower and
pants more, but otherwise has no
clinical signs. The dog is alert and pants
constantly. Body temperature is 39.2°C
(102.6°F), mucous membranes are pink,
and capillary refill time is <2 seconds.
The heart is difficult to hear on auscultation, but the rate seems slow; a systolic
murmur is suspected on the left. Lung sounds are normal. A large, firm mid-
abdominal mass is palpated. Mild cardiomegaly is seen on radiographs. An ECG is
recorded (183a, leads as marked, 25 mm/s, 1 cm = 1 mV).
i. What is your ECG diagnosis?
ii. What additional tests do you recommend at this time?
iii. The owner wishes to pursue abdominal exploratory surgery and mass removal.
What do you advise?

183a

184a 184b
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183 i. Heart rate is 40 bpm. P waves are
evident, but none appear to be conducted
(complete AV block). A regular ventricular
escape rhythm is present. The upright
configuration of these ventricular complexes
is less common than the wide, negative QRS
of many idioventricular rhythms. P waves are
wide (0.06 second), suggesting LA enlargement or intra-atrial conduction delay.
ii. An atropine challenge (see case 37) will test for vagal influence on AV conduction;
most dogs with complete AV block show no response. Echocardiography is
indicated to evaluate cardiac structure and function. Other tests include BP
measurement, routine laboratory database, and abdominal imaging to identify the
source and extent of the mass.
iii. Considering this dog’s age, large abdominal mass, and complete AV block,
prospects for a positive outcome seem slim. Nevertheless, if a fully-informed owner
wants to pursue abdominal exploratory, pacemaker implantation is recommended
first. A transvenous pacemaker was implanted; postoperative ECG shows pacing
artifacts (arrows, 183b) at the QRS onset. Two weeks later a 20 cm mass (necrotic
omental lipoma) was surgically removed. The dog thrived for another 1.5 years. 

183b

184  i. These radiographs would support the diagnosis of idiopathic pulmonary
fibrosis, sometimes called ‘Westie lung disease’. This condition was first described
in West Highland White Terriers, but recent reports suggest that other breeds of
dogs may be affected, particularly Staffordshire Bull Terriers. Note the right heart
enlargement, main PA and right PA enlargement, and the diffuse bronchointerstitial
lung pattern creating a coarse honeycomb-like appearance. A very small amount of
pleural fluid is also seen.
ii. A lung aspirate and/or BAL may be helpful to identify pathologic organisms and
rule out other causes of parenchymal infiltration. In many cases these tests reveal
only mild to moderate inflammation. A lung biopsy is often needed to obtain a
definitive diagnosis. An echocardiogram can document PA hypertension and may
be used to monitor pulmonary pressures during therapy.
iii. The principal therapy for idiopathic pulmonary fibrosis is a corticosteroid (e.g.
low-dose prednisone). Bronchodilators and azathioprine may benefit some cases.
Sildenafil may decrease pulmonary hypertension, which can improve symptoms;
however, systemic hypotension is a potential side-effect. The prognosis for
pulmonary fibrosis is often poor because the disease is progressive and tends to be
advanced at the time of diagnosis.
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185 A 6-year-old neutered male DSH
cat is pre sented for vomiting a reddish
brown material last night. He
frequently goes outdoors during the
day and lives in the American midwest.
In the past he has ingested various
foreign objects such as rubber bands
and flower stems. The cat is tachypneic
(60 breaths/min) and slightly hypo -
thermic (36.9°C [98.5°F]). Lung sounds
are increased; no heart murmur is heard.
BP and abdominal radiographs are
normal. Chest radiographs show
increased right lung opacities and
enlarged caudal lobar arteries. Right
parasternal short axis echo cardio -
graphic images of the Ao/LA (185a) and
main PA (185b) and a left cranial short
axis view of the Ao and PA (185c, enlarged, 1 – PA) are shown. 
i. What are the echo findings?
ii. Are the clinical findings consistent with this diagnosis? 
iii. How would you manage this case?

185a 185b

185c
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185d

185 i. LA, Ao, and PA sizes are normal. Characteristic parallel echos of an adult
heartworm are inside the PA (185c, d, arrows).
ii. Yes. Feline heartworm disease has variable signs. Tachypnea, dyspnea, or
paroxysmal cough can mimic feline asthma. Vomiting is common. Lethargy,
anorexia, syncope, neuro logic signs (especially with aberrant larval migration), and
sudden death can also occur. 
iii. An adulticide is not recommended for cats; acute worm death can cause severe
complications. Respiratory signs usually respond to prednisone (e.g. 2 mg/kg q24h,
reduced gradually over 2 weeks to 0.5 mg/kg q48h, then discontinued after 2 more
weeks). This is repeated if necessary. Monthly heartworm prophylaxis and restricted
activity are also recommended. Severe respiratory distress and death can occur any
time, especially after worm death. Signs of pulmonary thromboembolism (PTE)
include fever, cough, dyspnea, hemoptysis, pallor, pulmonary crackles, tachycardia,
and hypotension. Supportive care includes an IV glucocorticoid (e.g. 100–250 mg
prednisone sodium succinate), fluid therapy, a bronchodilator, and supplemental O2.
Diuretics are not indicated for PTE. Pleural effusion from right-sided heart failure is
managed with thoracocentesis, furosemide, and an angiotensin-converting enzyme
inhibitor.
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186 An 8-month-old mixed breed dog is
presented for vomiting, bloody diarrhea, and
weight loss (body condition score 2/5). A
grade 6/6 systolic heart murmur, loudest at
the right sternal border, is discovered on
physical examination. A grade 1/6 diastolic
murmur is also heard at the left heart base.
Mucous membranes are pink, but capillary
refill time is prolonged. Body temperature is
normal. Ventricular premature complexes
are seen on ECG. Blood work indicates
marked neutropenia, mild hypoalbumine -
mia, and a positive parvovirus test. Supportive fluid and antibiotic therapy is begun
and an echocardiogram is obtained. M-mode at ventricular level (186a) and right
parasternal long axis (186b, in diastole; 186c, color flow in systole) images are shown.
1 – RV, 2 – LV, 3 – Ao, 4 – LA.
i. What abnormalities are seen on the echo images?
ii. Are the auscultatory findings consistent with this?
iii. Do these findings influence your therapy?

186a 186b

186c

187 What strategies can be helpful for managing chronic refractory (stage D)
congestive heart failure?
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187 First, verify dosage and frequency of all drugs and supplements being
administered. The following strategies can be used sequentially or in combinations,
depending on individual needs:
• Increase dose and/or frequency of furosemide.
• Add pimobendan, if not being used (INBU).
• Add an angiotensin-converting enzyme inhibitor (ACEI), INBU.
• Add spironolactone, INBU.
• Increase ACEI to q12h and maximal recommended dose.
• Identify and manage arrhythmias, if present.
• Add arteriolar vasodilator to further reduce afterload (e.g. amlodipine or

hydralazine). (Note: Not recommended for patients with hypertrophic
cardiomyopathy or fixed ventricular outflow obstruction [e.g. subaortic
stenosis]).

• Add sildenafil, if moderate/severe pulmonary hypertension.
• Add digoxin, INBU.
• Add thiazide diuretic (closely monitor renal function!).
• Further restrict dietary salt intake and exercise.

186 i. Marked LV dilation is evident. There is a 6–7 mm ventricular septal defect
(VSD) just below the aortic valve (186b), with left-to-right systolic flow (186c).
VSDs volume overload the lungs, left heart, and RV outflow tract. However, the
degree of LV dilation here seems disproportionate and probably reflects additional
LV volume loading from concurrent aortic valve insufficiency, as well as mild LV
dysfunction. Although LV FS is within normal range (~35%), more vigorous LV
motion is expected with the reduced LV afterload afforded by shunt flow into the
relatively low-pressure RV. Occasional ventricular premature beats are also present.
ii. A holosystolic murmur heard best at the right sternal border is typical for VSD.
The soft, left basilar diastolic murmur is consistent with aortic valve regurgitation.
This sometimes occurs with VSD, presumably because the deformed septum
provides inadequate support for the aortic root.
iii. Moderate and large left-to-right shunting VSDs can lead to left-sided congestive
failure. This is of great concern in this dog because aggressive fluid therapy may be
needed to manage parvovirus infection. Careful monitoring of respiratory rate and
effort (and, ideally, pulmonary capillary wedge pressure) is recommended.
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188 A 7-year-old male Brittany is presented for recent lethargy, vomiting, and
inappetence. A couple days ago he ingested a mouse toy. One week ago he had
successful surgical repair of a ruptured anterior cruciate ligament. On examination
the dog is alert but quiet. Body temperature is normal, HR is 140 bpm and irregular,
respiratory rate is increased, pulse deficits are noted, and heart sounds are muffled.
Systolic BP is 130 mmHg. Recent chest radiographs forwarded by the referring
veterinarian show a large, globoid cardiac silhouette (VHS 15 v) that almost fills the
thoracic cavity and abuts the diaphragm; visible lung fields are normal. 
An echocardiogram is done; images are from right parasternal short axis (188a)
and long axis (188b) and left apical (188c) positions.
i. What abnormalities are seen in the figures?
ii. What is your assessment of this case?
iii. What are your recommendations?

188a

188b 188c
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188 i. Marked LA and mild LV dilation are seen. Mitral valve thickening (188b)
and insufficiency (188b) are evident. The pericardial space is greatly distended
with soft-tissue opacities (pericardial echos near ECG trace in 188a, b). The ECG
rhythm is atrial fibrillation (AF).
ii. Differentials for soft tissue within the pericardial space include abdominal
organs displaced through a congenital peritoneopericardial diaphragmatic hernia
(PPDH) or neoplastic mass lesion(s). The mitral valve thickening suggests
degenerative valve disease. Based on LA size, significant mitral regurgitation has
existed for quite some time. AF is common with chronic atrial enlargement. 
iii. Further imaging is warranted to search for diaphragmatic discontinuity and
abdominal organ displacement (from PPDH) or for other causes of the
intrapericardial soft tissue and clinical signs. Also recommended are diltiazem
(possibly with digoxin) to control HR, echocardiographic evaluation of LV systolic
function, and close monitoring for early signs of cardiac decompensation. In this
case, PPDH was confirmed with abdominal ultrasonography and surgically
repaired; displaced tissues included gallbladder and portions of atrophied liver,
spleen, small intestine, and pancreas. An immature pyloric-to-diaphragm adhesion
was also found; this was thought to have precipitated the recent vomiting and
inappetence.
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189 An 18.6 kg (41 lb) 9-year-old female
English Pointer has a history of chronic
mitral valve disease (endo cardiosis) with
congestive heart failure (CHF) and,
possibly, small airway disease. Current
medications are: furose mide, 12.5 mg
q12h; enalapril, 10 mg q24h; digoxin, ½ a
0.125 mg tab q24h; theophylline, 100 mg
q12h; and a heartworm preventive. Some
coughing and increase in resting
respiratory rate have recently developed.
The dog is alert and active during
examination. HR is 140 bpm and
somewhat irregular. A grade 5/6 mitral
regurgitation (MR) murmur and soft pulmonary crackles are heard. Chest
radiographs show cardiomegaly with dorsohilar pulmonary infiltrates. An ECG
reveals sinus rhythm with frequent supraventricular premature complexes. Renal
function and serum electrolytes are normal; heartworm test is negative. 
An echocardiogram is done. Right parasternal M-mode at ventricular level (189a),
and systolic long axis 4-chamber (189b, c) images are shown.
i. What are the echo findings?
ii. What do you recommend at this time?
iii. What complications might be anticipated in cases like this?

189a 189b

189c

190 What are the important principles for treating acute heart failure in dogs?
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190
• Severe cardiogenic pulmonary edema requires urgent therapy, but it is

important to minimize patient stress. Cart (or carry) if patient needs to be
moved. No exercise should be allowed. 

• Provide supplemental O2, but avoid increasing the patient’s anxiety level. 
• Induce diuresis with parenteral furosemide – dose aggressively as needed (can

give IM initially until IV catheter can be safely placed). 
• Monitor respiratory rate (RR) and effort frequently; adjust diuretic dosing

accordingly. 
• Promote vasodilation (hydralazine or angiotensin-converting enzyme inhibitor

with or wthout nitroglycerine, or alternatively, nitroprusside if fulminant
pulmonary edema). 

• Support myocardial function (pimobendan).
• Minimize anxiety (butorphanol or morphine). 
• If moderate to large pleural effusion is present, remove by thoracocentesis. 
• For hypotension or myocardial failure, add dobutamine or other positive

inotrope as needed to support BP. 
• Monitor BP, HR and rhythm, as well as RR; treat arrhythmias as indicated. 
• Evaluate serum chemistries and perform other tests to clarify underlying

cardiac and other abnormalities as soon as patient stability allows.

189 i. Marked LV and LA dilation, mitral valve thickening, and severe MR (189c)
are evident. LV FS is 32%. FS provides an afterload-dependent estimate of
contractility. Consequently, with well preserved contractility but severe MR, an
increased FS is expected. The ‘normal’ (range 27–40%) FS in this dog therefore
suggests some myocardial dysfunction.
ii. For decompensated CHF add pimobendan, increase furosemide dose, and
increase enalapril to q12h. Try reducing the dose of or discontinuing theophylline,
as it may be exacerbating the tachyarrhythmia. Measure trough serum digoxin
concentration; if low, consider increasing to q12h dosing as an antiarrhythmic
measure. Verify reduced dietary salt intake and restrict exercise. Closely monitor
renal function, serum electrolytes, BP, heart rhythm, resting respiratory rate,
appetite and activity. Low-dose carvedilol therapy and an omega-3 fatty acid (fish
oil) supplement may be helpful. 
iii. Complications could include: more severe arrhythmias, including atrial
tachycardia or fibrillation and ventricular tachyarrhythmias; recurrent, refractory
pulmonary edema; persistent dry cough from bronchial compression; pulmonary
hypertension; and biventricular failure with body cavity effusions. Intensified CHF
therapy can promote azotemia, electrolyte disturbances including hypo- or hyper -
kalemia, hypotension, inappetence, and other adverse drug effects or toxicity. 
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191 A 9-year-old neutered male Labrador Retriever is presented for 2 days of
vomiting after being given a linear dental chew. He appears weak and lethargic.
Physical examination findings include a body temperature of 39.8°C (103.7°F), HR
of 152 bpm, respiratory rate of 36 breaths/min, and normal mucous membrane
color and capillary refill time. Heart sounds are normal, but pulmonary crackles are
heard over the right mid-lung field. Right lateral (191a) and DV (191b) thoracic
radiographs are made.
i. What is your radiographic assessment?
ii. What etiologic differentials should be considered in this patient?

191b

191a
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191  i. There is diffuse caudal cervical and thoracic megaesophagus with right
cranial and right middle lung lobe consolidation most consistent with aspiration
pneumonia. 

Aspiration pneumonia is a common consequence of megaesophagus, as well as
impaired swallowing reflexes. The right middle lobe is the most commonly affected
single lobe, followed by the right cranial lobe. Variable infiltrate distribution occurs
when multiple lobes are affected. Using both lateral radiographic projections better
reveals the extent of lung involvement. In this dog, the left lateral view (191c) shows
air bronchograms in the right cranial and middle lobes (arrows). Although right
cranial lobe changes are evident on the DV view, right middle lobe abnormalities
are only clear on the left lateral view (arrows), summated (superimposed) with the
cardiac apex.
ii. Megaesophagus is described radiographically as focal or segmental versus diffuse.
General causes of megaesophagus include neuromuscular diseases, mechanical
causes, and idiopathic. Diffuse esophageal dilation is more likely with neuro -
muscular diseases, including myasthenia gravis, endocrinopathies (hypoadreno -
corticism, hypothyroidism), immune-mediated disease, and toxins. Mechanical
causes include intraluminal foreign objects, mural masses, and strictures (as from
esophagitis or vascular ring anomalies). Focal megaesophagus is more likely with
mechanical causes, although diffuse dilation can accompany obstructions near the
lower esophageal sphincter. Aerophagia associated with excitement, respiratory
distress, and anesthesia should be differentiated.  

191c
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192 A 6-year-old female Basset Hound has a
3-week history of coughing and rapid
respiration. Enlarged peripheral lymph nodes
are found on physical examination; other
parameters are unremarkable. On ausculta tion, lung sounds are found to be harsh.
Right lateral (192a) and DV (192b) thoracic radiographs are shown.
i. What radiographic changes are present?
ii. Does this patient have concurrent pneumothorax?
iii. What will be your next diagnostic procedures?

192a 192b

193 An 11-year-old male Scottish Terrier is
presented with a history of two episodes of spontaneous pneumothorax. The dog
has a chronic cough not associated with any particular activity or event. 
On presentation his breathing is labored and harsh lung sounds are heard. A right
lateral thoracic radiograph (193a) and a CT scan image (193b) are shown.
i. What is evident radiographically?
ii. Is a cause for the pneumothorax evident in the CT image and if so, what and
where is it?
iii. What are the causes of and diagnostic options for spontaneous pneumothorax?

193a 193b
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192  i. A diffuse pulmonary unstructured to small nodular interstitial pattern is
evident. There is incidental T4/5 spondylosis deformans.
ii. No. In the DV view there is a distinct lucent-soft tissue interface positioned in the
lateral portion of each hemithorax extending from ribs 4–10. Note that cranially
the interface is at the thoracic wall and at the caudal level the interface curves
medially. Pulmonary shadows are evident in the left 8th intercostal space between
the interface and the thoracic wall border. The lucent-soft tissue interface is the
effect of skin folds and/or the conformation of the thoracic cavity. The influence of
the latter is particularly prominent in some chondrodystrophic breeds. Both of these
effects can simulate pneumothorax. However, there is no evidence of pneumothorax
seen in the lateral view of this dog. 
iii. Fine needle aspiration of the enlarged lymph nodes and cytologic examination
should be done. In this dog, lymphoma was diagnosed.  

There is a broad list of etiologic differential diagnoses consistent with the
interstitial pattern. Besides lymphoma, these include mycotic pneumonia, diffuse
pulmonary metastasis, eosinophilic bronchopneumopathy, and hemorrhage.
Pulmonary histopathology from necropsy in this patient showed neoplastic
lymphocytes in cuffs around blood vessels and airways, as well as in lymphatic
vessels.

193  i. The heart is markedly displaced from the sternum. There is a large
radiolucent space with no pulmonary vascular shadows in the dorsocaudal thorax.
The caudal lung lobes are markedly collapsed.
ii. Yes. The patient is in sternal recumbency for the CT scan and the image is
immediately cranial to the tracheal bifurcation. A segment of chest tube is seen
dorsally, adjacent to the right side of the mediastinum. A large-volume
pneumothorax is present in the right hemithorax causing right lung collapse and
shifting of the heart to the left. There is minimal pleural air between the left cranial
and caudal lobes dorsally. An air attenuating cavity (arrow), of diameter equal to
the trachea, is seen ventral to a left lobar bronchus and adjacent to the left border
of the pulmonary trunk. This is consistent with a large superficial bulla.
iii. Spontaneous pneumothorax is a closed pneumothorax that occurs without
traumatic or iatrogenic cause. Pneumonia, abscesses, neoplasia, bullous
emphysema, heartworm disease, and pulmonary bullae and blebs are the reported
causes. Although radiography clearly indicates the pneumothorax, it has poor
sensitivity for blebs and bullae when pneumothorax is present. CT is more sensitive
for detecting blebs and bullae, and assessing their extent prior to surgical treatment.
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194 A 6-year-old male Labrador Retriever is brought to the Emergency Service
with a several hour history of lethargy, inappropriate defecation, and weakness.
The dog runs outside, but there was no known trauma or toxin exposure. On
presentation, he is lethargic and weak. Mucous membranes appear ‘muddy’ and
his tongue is bluish. He is panting, HR is 140 bpm, and temperature is 37.8°C
(100°F). A small wound is seen on the left thorax. Systolic BP is 75 mmHg. IV fluid
and O2 are administered. An ECG shows paroxysmal ventricular tachycardia.
Subsequent bloodwork shows a PCV of 0.23 l/l (23%), thrombocytopenia,
hypokalemia, and increased creatinine. Pleural effusion consistent with hemorrhage
is detected. An echocardiogram is done; right parasternal short axis (194a) and
long axis (194b) and left apical (194c) views are shown. 1 – LV, 2 – LA.
i. Describe the echo findings.
ii. What is the likely etiology?
iii. How would you manage this case?

194a

194c

1

2

194b



194 i. Pleural (arrowhead) and small pericardial (arrow) effusions are seen (194d);
atrial size is normal. There is a focal, markedly hyperechoic area near the LV apex
(arrow, 194e) that appears to protrude into the lumen and casts an acoustic shadow
deep to this area. 1 – LV, 2 – LA, 3 – Ao, 4 – RV. The monitor ECG shows
ventricular tachycardia. 
ii. A bullet or other metallic projectile is the likely cause (documented radio -
graphically). The difference in acoustic impedance between tissue and metal (also
air) is so great that most of the ultrasound energy is reflected and deeper structures
cannot be seen. Antemortem identification of penetrating cardiac wounds is rare
because most  rapidly cause death from uncontrolled bleeding, cardiac dysfunction,
and arrhythmias. This dog recovered without residual cardiovascular signs.
iii. Initial goals are to stabilize BP, control ventricular tachycardia, improve
oxygenation (including blood transfusion and thoracocentesis, if needed), correct
metabolic abnormalities, and control infection.

194d 194e
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195 A 12-year-old spayed female Miniature Pinscher is presented with a 9-month
history of coughing and wheezing that worsens with excitement and exercise.
Currently she is on no medications. A moist, hacking cough is noted during the
examination. Thoracic radiographs show normal lung fields, slightly thickened
bronchial walls, and mild cardiomegaly. CBC, serum chemistry, and urinalysis tests
are unremarkable. Tracheobronchoscopy is done; images from the thoracic inlet
region (195a) and just cranial to the carina (195b) are shown. 
i. What abnormalities are seen on the images?
ii. What other tests should be done?
iii. What is your assessment?
iv. What are the management principles for this condition?

195a 195b

196a 196b
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196 A 7-year-old neutered male mixed breed dog weighing 43.6 kg (96 lb) is referred
for possible surgical treatment of spontaneous pneumothorax. Thoracic drainage
tubes had been used to remove free air from the pleural space. Thoracic radiographs
at presentation show no pneumothorax and no abnormalities other than the subtle
lesion shown in the left lateral view (196a). A CT study is done to further define this
region (transverse post-contrast CT image shown in 196b, 1 – aorta).
i. What is the subtle lesion (circled) shown in 196a?
ii. What additional information is provided by the CT study?

1



195 i. Small mucosal nodules are present and especially numerous near the carina,
along with mucosal edema and inflammation (195b). The sagging dorsal tracheal
membrane indicates tracheal collapse. 
ii. Besides visual airway inspection, tracheobronchial muscosal brushings and BAL
fluid should be collected for cytologic examination and bacterial culture/sensitivity
testing.
iii. Chronic bronchitis (CB) is likely. CB is defined as coughing occurring on most
days for 2 or more consecutive months, in the absence of other causative disease.
Airway inflammation with excessive mucus production, epithelial hyperplasia,
fibrosis, and sometimes polypoid mucosal proliferation (as here) occurs, along with
small airway obstruction. Infection, allergy, or inhaled irritants can trigger CB.
Complications can include bacterial bronchitis and pneumonia, airway collapse,
pulmonary hypertension, and bronchiectasis. In this dog, cytology showed intense
inflammation (neutrophils and eosinophils), but no organisms. However, cultures
were positive for Pseudomonas and Citrobacter spp. An uncommon cause of
reactive nodules within the carina and main bronchi is Oslerus osleri parasitic
infection.
iv. Avoid potential inhaled irritants and other cough triggers; be alert for
complications. Bronchodilators, glucocorticoids, and cough suppressants can help
control signs. Antibiotic therapy for bacterial infection is ideally based on
culture/sensitivity results. Saline nebulization and coupage help mobilize secretions.

196  i. There is a focal circular lucency, ventral to T4, which partially overlaps the
trachea just proximal to the carina.
ii. The CT scan confirms a cavitary lesion in the left dorsal medial edge of the left
cranial lung (arrow, 196b). The ovoid shape of the gas in the cavity suggests the
presence of fluid in the ventral portion, although the average Hounsfield unit (HU)
of 40 is more typical of tissue or blood. However, higher HU numbers are associated
with fluid of high protein content. The CT scan also shows the proximity of the
lesion to the aorta. The advantage of CT in this patient is that it provides improved
localization of the lesion for surgical planning. The lesion was adhered to the lateral
aspect of the aorta; however, successful surgical dissection and removal was
accomplished. Microbial culture of the lesion was negative and histopathology
showed it was an inflammatory lesion.
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197 A 4-year-old castrated male Saint Bernard from the American midwest is
presented for a cough and purulent nasal discharge. Two week earlier he was
referred to an ophthalmologist for unilateral uveitis. At that time, panophthalmitis
was identified. Vitreal fluid cytology revealed prior hemorrhage; a presumptive
diagnosis of rickettsial disease was made. Thoracic radiographs were normal. The
dog was sent home on doxycycline and prednisone while awaiting definitive test
results. 

Physical examination reveals panophthalmitis, purulent nasal discharge, and
tachypnea with increased respiratory effort. The patient also has a harsh, productive
cough. Thoracic radiographs show a diffuse nodular interstitial pulmonary pattern,
with an additional ventrally-distributed alveolar component. Cardiovascular
structures are normal. A sputum sample is submitted for cytologic examination
(197a, Wright’s stain, 100× oil). Despite aggressive therapy, severe acute respiratory
distress develops and the dog dies. A photomicrograph of a lung section taken at
necropsy is shown (197b, H&E stain, 20×).  
i. What is seen in 197a? 
ii. What was the likely cause for the patient’s rapid deterioration and death?
iii. Are the histologic findings in 197b consistent with the patient’s clinical course?

197a 197b

198 Normal breath sounds, caused by turbulent air flow in larger airways, are
similar to the sound of wind gently blowing through trees. Describe the different
types of abnormal lung sounds and their general associations.
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197 i. The basophilic round, thick-walled
structures (197c, arrow) are yeast organisms,
morph o logically consistent with Blastomyces
dermatitidis. Yeast are approximately 7–15 microns
in diameter and exhibit broad-based budding.  
ii. The dog’s progressive respiratory signs, diffuse
interstitial pulmonary infiltrates, and sudden onset
of severe respiratory distress are consistent with
acute respiratory distress syndrome (ARDS), in this
case secondary to pulmonary blastomycosis. ARDS
is a clinicopathologic condition in which diffuse
lung injury, often triggered by a systemic inflammatory response, leads to sudden and
severe respiratory distress. ARDS has been associated with a variety of conditions,
including bacterial pneumonia, aspiration pneumonia, and sepsis. In people, ARDS is
a common complication in critical care patients and generally carries a poor prognosis;
the prognosis for ARDS associated with pulmonary blastomycosis is grave.  
iii. The lung section shows lesions characteristic of the exudative phase of ARDS.
Note the diffuse alveolar damage, characterized by loss of type I pneumocytes and
hyaline membrane formation. Alveolar lumens contain cellular debris, erythrocytes,
and fibrin. These histopathologic lesions represent a severe, acute process that
would markedly impair respiration if widespread, as they were in this case. The
rapid clinical deterioration of this patient is consistent with these changes.

198 Although some disagreement about the classification of respiratory sounds
exists, the terms crackles, rhonchi, and wheezes are recognized in the international
classification system as abnormal respiratory sounds. 

Crackles (previously known as râles) are fine, popping, crackling, discontinuous,
non-musical sounds. They are usually heard during inspiration, resulting from
explosive opening of small, previously-collapsed airways. Fine crackles are more
common over ventral lung fields, but may be heard elsewhere over peripheral lung
fields. Causes include small airway disease and pulmonary edema.

Rhonchi (or coarse crackles) sound similar to crackles, but tend to be associated
with larger airways (rather than peripheral regions). Rhonchi have a more ‘liquid’
sound than crackles and usually involve secretions moving in large bronchioles and
bronchi (e.g. with chronic bronchitis).

Wheezes are high-pitched, squeaking or musical, continuous sounds that are
heard mainly during expiration, although they can occur throughout the respiratory
cycle. Wheezes stem from airway wall vibrations caused by lower airway
narrowing, constriction, or spasm. Causes include asthma, congestive heart failure,
fibrosis, and pneumonia.
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199 A 9-year-old spayed female DSH
cat is presented for coughing, which has
occurred since the cat was found as a
stray 8 years ago when the owner was
living in the mid-west USA. The cat has
been housed indoors only since
adoption. Recently, she has inter -
mittently shown respiratory distress.
The owner has given prednisone off and
on over the years, but it does not seem
to be helping lately. Chest radiographs
(lateral, 199a, b), tracheal wash,

heartworm test, and a fecal examination (199c) are done.
i. What radiographic abnormalities are seen?
ii. What does the fecal test show?
iii. What is your diagnosis?
iv. How would you treat this case?

199a

199b 199c
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199 i. Multiple soft tissue opacities in the dorsal and caudal lung fields, with several
smaller areas of randomly distributed calcification. Some of the opacities contain
cystic areas (199d, arrow) suggestive of parasitic lung disease, abcesses, or
granulomas.
ii. A Paragonimus kellicotti egg (note single operculum at top). Multiple eggs were
found in the feces and tracheal wash cytology.
iii. Chronic paragonimiasis. P. kellicotti is a parasitic lung fluke found in North
America usually, although sometimes elsewhere. It requires two intermediate hosts
(snail, then crayfish or crab). After the host ingests an infected intermediate, larvae
migrate to the lungs. Eggs produced by adult flukes are coughed up, swallowed, and
passed in the feces. Diagnosis is by identification of eggs on fecal examination
(sedimentation technique is best) or airway washings. Adult flukes can live for many
years. Host pulmonary changes include granulomatous reaction around adults or
generalized inflammatory reaction to fluke eggs. Signs often mimic those of allergic
bronchitis. Spontaneous pneumothorax occurs when cystic lesions rupture. Some
animals are asymptomatic. P. kellicotti infection is more common in cats, but dogs
and other species can be affected.
iv. Fenbendazole (50 mg/kg PO q4h for 14 days) or praziquantel (23 mg/kg PO
q8h for 3 days).

199d



200 A 9.5-year-old neutered female Staffordshire Bull Terrier is referred because
of a chronic cough that has worsened over the previous 2 months. The cough is
described as productive and is accompanied by a ‘gurgling noise’. Retching and
spasmodic abdominal contractions also occur during coughing. The dog has been
treated with a variety of medications, including wide-spectrum antibiotics, without
notable improvement. Yesterday she coughed up a frothy white fluid tinged with
fresh blood. 

The dog is alert, responsive and in excellent body condition. Physical
examination is unremarkable. A cough can be elicited by moderately strong tracheal
palpation, but sounds different from the dog’s chronic cough. Hematology and
serum biochemistry test results are unremarkable. Thoracic radiographs show a
mild bronchial pattern, thought to be age related. Abdominal sonography is
unremarkable. Laryngeal anatomy and function appear normal during anesthesia
induction for bronchoscopic examination, which reveals only a small amount of
mucus in the distal trachea and main bronchi (200a). BAL fluid contains low cell
numbers, with no cytologic abnormalities or bacterial growth. 

Because of the retching and gagging history, upper gastrointestinal endoscopy is
also performed. An image of the distal esophagus is shown (200b). Several wood
fragments are found in the stomach; most are removed with endoscopic forceps.
Multiple duodenal and gastric biopsies indicate histopathologically normal
gastrointestinal mucosa.
i. What abnormalities are observed in the endoscopic images?
ii. What is the most likely cause of coughing and retching in this dog?
iii. How would you manage this case?

200a 200b

201 What is amlodipine, and when is it indicated?
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200  i. The images show moderate inflammation of the distal esophageal lining,
characterized by mucosal hyperemia and ulcerations.
ii. Esophageal reflux is the likely cause of coughing and retching in this dog, thought
to be similar to gastroesophageal reflux disease in people. Coughing can occur when
gastric contents reflux up to the hypopharynx and are aspirated, stimulating the
laryngeal cough receptors. An esophageal–bronchial reflex may also be stimulated
when gastric acid refluxes onto the distal esophageal mucosa. Although definitive
diagnosis would require invasive long-term pH monitoring, the history and clinical
signs accompanied by esophageal erosions strongly suggest gastroesophageal reflux
disease.
iii. A change in diet or feeding frequency and antacid therapy may help minimize
esophageal reflux and control the related cough. This dog was successfully treated
with sucralfate, ranitidine, and frequent small meals (4–5 small meals per day
instead of larger meals given twice daily).

201 Amlodipine besylate is a dihydropyridine L-type Ca++ channel blocker. It causes
vasodilation without appreciable cardiac effects. Amlodipine is the initial drug of
choice for hypertensive cats, including those with chronic renal failure. It can be
useful for hypertensive dogs that respond inadequately to an angiotensin-converting
enzyme inhibitor. Amlodipine is also used for additional afterload reduction in dogs
with refractory congestive heart failure. Amlodipine is usually administered q24h,
but it can be dosed q12h if needed. Several days are required to achieve maximal
effect, so low initial doses and weekly BP monitoring during slow up-titration are
recommended.
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202 A 1-year-old female Chesapeake
Bay Retriever is presented after being
in an accident with a farm machine.
The dog is reluctant to stand or walk,
is non-weight bearing on the left
hindlimb, has puncture wounds on
the left side of the chest and lumbar
area, and has a mild increase in
respiratory effort. Right lateral
(202a) and VD (202b) thoracic radio -
graphs are taken to assess thoracic
trauma.
i. What findings indicate that
substantial thoracic trauma has
occurred?
ii. Based on the findings in the
thoracic radiographs, what other
body system needs to be more
thoroughly assessed?

202a

202b
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202  i. There is partial to complete effacement of the
ventral cardiac border, caudal vena cava, and ventral
and right half of the diaphragm. Several thin pleural
fissure lines are visible (both views). There is a well
defined gas–soft tissue border in the caudodorsal
thorax, with a decrease in lung vascular markings
between this border, the spine, and the left crus of the
diaphragm. A mild interstitial to alveolar soft tissue
opacity is seen in the dorsal mid-right lung field. The
gastric axis is normal. No rib fractures are evident. The
3rd thoracic vertebra is labeled (1) in 202c and 202d.
There is misalignment of the ventral border of the spine
at the T4/5 disk space, with T5 approximately 3 mm ventral to T4. The ventral
cranial border of T5 overlaps with the T4/5 intervertebral disk space. Summary:
mild/moderate pleural effusion (probably hemorrhage), mild pneumothorax, mild
right-sided pulmonary opacity (likely contusions), and probable T5 compression
fracture (202c, d).
ii. Because of the suspected T5 compression fracture, a more thorough neurologic
evaluation is warranted. Although reluctance to stand or walk may relate to
generalized pain from the trauma, evaluation for spinal pain and neurologic deficits
is indicated. Based on the results of neurologic examination, additional imaging,
such as myelography, CT, or MRI, may be needed to assess further the vertebra
and spinal cord.

202c 202d
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203 A 5-year-old spayed DSH cat becomes
tired easily. She breathes heavily and her gums
look slightly blue with moderate activity.
Another veterinarian prescribed furosemide,
suspecting hypertrophic cardio myopathy
(HCM), then referred the cat. She is alert but
quiet. HR is 200 bpm; the rhythm is
occasionally irregular. Respiratory rate is 30 breaths/min, with slightly increased
effort. A soft systolic murmur is heard at the sternal border; lung sounds are
normal. Mucous membrane color, capillary refill time, and femoral pulses appear
normal. Lateral (203a) and DV (203b) thoracic radiographs are taken. 
i. What is your radiographic interpretation?
ii. Do the radiographic findings support the presumptive diagnosis of HCM?
iii. What is your assessment of this case?
iv. Should furosemide be continued?

203a 203b

204 A 13-year-old male Miniature
Schnauzer has episodic collapse with
exercise and excitement. The dog will
stagger and lie down abruptly or fall
onto his side, then return to normal
within 1–2 minutes. He appears alert
and in good body condition. An
irregular heart rhythm, but normal HR
is heard. This ECG is recorded (204;
leads I, II, and III at 25 mm/s, 1 cm =
1 mV).
i. Describe the ECG abnormalities. 
ii. What is the name of the syndrome associated with such abnormalities? 
iii. How would you manage this case?

204
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203 i. Generalized cardiomegaly (VHS of 9.4 v) and massive caudal vena cava
(CaVC) enlargement are the most prominent findings. Normally the CaVC diameter
is approximately that of the descending thoracic aorta. Persistent CaVC widening
suggests increased systemic venous pressure, as with right ventricular failure,
cardiac tamponade, pericardial constriction, or other obstruction to right heart
inflow.  Pulmonary parenchyma and vessels are unremarkable.
ii. Although there is generalized cardiomegaly, the marked CaVC enlargement
without signs of congestive failure (usually pulmonary venous congestion with
edema, or pleural effusion), is atypical for HCM. 
iii. The history of cyanosis with activity suggests marked hypoxemia; polycythemia
may be present. The normal pulmonary appearance along with the abnormal
cardiovascular findings is consistent with a previously undiagnosed congenital
cardiac malformation causing right-to-left shunting of blood. The murmur location
suggests either a ventricular septal defect with pulmonary hypertension or a tetralogy
of Fallot. An echocardiogram, ECG, and hematocrit measurement are recommended
next. A large ventricular septal defect, marked pulmonary hypertension, and
occasional ventricular premature beats were identified in this cat. 
iv. No. Without evidence for pulmonary edema or pleural effusion, furosemide is
unlikely to be helpful and can cause dehydration. This could further compromise
tissue perfusion if the cat is polycythemic.

204  i. Two sinus complexes are followed by a long sinus pause or sinus arrest that
is interrupted by a ventricular escape complex. A sinus complex then occurs,
followed by a burst of three supraventricular premature complexes (P’ waves not
seen, but could be buried in the preceding T waves) and finally another sinus
complex. Sinus arrest reoccurs, again interrupted by a ventricular escape complex. 
ii. Periods of sinus arrest, often with intermittent tachycardia, are typical for sick
sinus syndrome (sometimes called bradycardia–tachycardia syndrome). The diseased
sinus node exhibits inappropriate periods of arrest. As sympathetic tone rises in
response to the arrest, a burst of tachycardia can be stimulated. The  tachycardia may
cause overdrive suppression of the sick sinus node and additional sinus arrest.
iii. Some cases can be managed with oral anticholinergic, β-2 adrenergic, and/or
methylxanthine bronchodilator drugs to minimize collapse episodes caused by the
bradycardic periods (the most common cause of syncope); however, this may
exacerbate tachycardias. Positive response to medical therapy, if it occurs, is often
short-lived. Permanent pacemaker implantation is usually needed for advanced
symptomatic sick sinus syndrome. Occasionally, paroxysmal tachycardia also
causes syncopal episodes. Antiarrhythmic therapy for the tachyarrhythmia is
warranted only after bradycardia is controlled by pacing.
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205 A 5-year-old male English Bulldog
developed progressive abdominal distension,
weakness, and exercise intolerance. Physical
findings include ascites, jugular venous
distension with pulsation, and a loud left
basilar systolic murmur. After other testing
is done, the dog is anesthetized for cardiac
catheterization. Simultaneous ECG and
intracardiac pressures are recorded from the
RA (205a) and a pullback from PA to RV
(205b). Pressure reference range at left.
i. What information is evident from
205a?
ii. What is shown in 205b?
iii. What is the diagnosis?
iv. Is there any additional concern
regarding the diagnosis given the breed of
this dog?

205a

205b

206 An 8-week-old Labrador Retriever puppy is presented because of abdominal
distension (ascites), poor appetite, and stunted growth. Euthanasia and necropsy are
requested by the breeder. The open RV, with pulmonary valve at top (206a), and the
open RA, looking onto the tricuspid valve with RV below (206b), are shown. 
i. Describe the abnormal findings
ii. What is the diagnosis?
iii. Does this explain the clinical findings?

206a 206b
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205 i. RA pressure is elevated (estimated mean pressure
~12 mmHg) consistent with right-sided heart failure. The
‘a’ wave (from atrial contraction, 205c) is especially
prominent, suggesting RV hypertrophy and increased
stiffness.
ii. PA pressures are normal (left side, 205b). As the
catheter tip moves into the RV, a systolic pressure gradient
becomes evident and premature ventricular contractions
(VPCs) occur. Note the poor RV systolic pressure
generated by the VPCs. After three VPCs, a sinus beat
causes markedly increased RV systolic pressure (‘post-
extrasystolic potentiation’); this recurs after the following
single VPC. RV systolic pressure then stabilizes, indicating
a systolic PA to RV pressure gradient of about 60 mmHg. Doppler-estimated
systolic pressure gradients in unanesthetized animals are usually 40–50% higher
than those recorded during cardiac catheterization. 
iii. Severe valvular pulmonic stenosis with congestive heart failure.
iv. Some English Bulldogs (and Boxers) have a single anomalous right coronary artery,
from which a major left coronary branch courses around the PA and contributes to
the stenosis. Balloon valvuloplasty and palliative surgical procedures are generally
contraindicated because of the mortality risk from rupture of this vessel.

205c

206 i. A malformed tricuspid valve apparatus is seen. The lateral leaflet inserts
directly into a wide, abnormally-formed papillary muscle (206a). A large
perforation of the leaflet, as well as abnormal chordal and papillary muscle
formations of both leaflets, are also present (206b). Both RA and RV are dilated.
ii. Congenital tricuspid dysplasia. Malformations of the tricuspid valve and its
support apparatus occur similarly to those of mitral valve dysplasia. Tricuspid
dysplasia is diagnosed most frequently in large-breed dogs; heritability has been
shown in Labrador Retrievers. Valve insufficiency most commonly results, but
stenosis can also occur, as can abnormal ventral displacement of the valve (Ebstein-
like anomaly). Supraventricular tachyarrhythmias are common. Tricuspid
regurgitation leads to progressive RA and RV dilation.
iii. Yes. Severe tricuspid dysplasia leads to right-sided congestive heart failure.
Initially, the animal may be asymptomatic; but fatigue, ascites, pleural effusion,
anorexia, and cardiac cachexia often develop. Physical features include a tricuspid
regurgitation murmur (not always audible) and jugular vein pulsation. Jugular
distension, muffled heart and lung sounds, and ballotable abdominal fluid develop
with congestive failure.
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207 An 8-year-old 29 kg (64 lb) female Doberman Pinscher is presented for cardiac
screening. The dog is in good condition. Other than two subcutaneous lipomatous
masses on the thorax, physical examination is unremarkable. An echocardiogram
is done; M-mode images at the ventricular (207a) and mitral valve (207b) levels
and a right parasternal long axis systolic (207c) image are shown.
i. What are the echocardiographic findings?
ii. What is your diagnosis?
iii. How would you manage this case?

207c

207b207a
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207 i. M-mode measurements are:

Diastole (cm) Systole (cm)
RV wall 0.4 0.9
RV chamber 0.2 0.2
IVS 0.9 1.2
LV chamber 5.7 4.5
LV wall 0.9 1.1

LV FS is 21%. Mitral E-point–septal separation (EPSS) is 1.2 cm (207b). Activation
of LV wall and IVS is dyssynchronous. LV and LA dilation and mild mitral
regurgitation (207c) are evident.
ii. Occult (preclinical) dilated cardiomyopathy (DCM), based on: diastolic LV
dimension >4.6 cm (in Doberman Pinschers ≤42 kg), systolic LV dimension 
>3.8 cm, FS <25%, and EPSS >8 mm. Ventricular tachyarrhythmias also are
common during occult DCM in Doberman Pinschers. Arrhythmia frequency
increases as LV function deteriorates. A 24-hour ambulatory ECG recording is
another screening tool for Doberman Pinscher (and Boxer) cardiomyopathy.
Doberman Pinschers with >50 ventricular premature complexes (VPCs)/24 hours
or any couplets or triplets are likely to develop DCM. Variability in VPC number
between repeated Holter recordings in individual dogs can be extensive.
iii. Therapy with an angiotensin-converting enzyme inhibitor and sometimes
pimobendan is initiated as LV function deteriorates during the occult phase.
Chronic low-dose beta blocker therapy (e.g. carvedilol, metoprolol) is probably
beneficial, if tolerated. Oral L-carnitine supplementation (e.g. 3–6 month trial) may
help a few Doberman Pinschers.
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208 A 5-year-old spayed female DSH cat
is brought in for re-evaluation because of
increasing respiratory effort over the past
few weeks. Two years ago you diagnosed
hypertrophic cardio myo pathy (HCM)
with congestive heart failure (pulmonary
edema). The cat responded well to
therapy with furosemide, benazepril, and
low-dose aspirin. However, the cat was
not returned for follow-up over the past
year. The cat is alert and has a respiratory
rate of 40 breaths/min, with increased
effort in both inspiration and expiration.
Mucous membranes are pink, pulses are
normal bilaterally, HR is 200 bpm and
regular. There is mild jugular distension.
A soft systolic murmur is heard at the left
sternal border; lung sounds are not
heard. Lateral (208a) and DV (208b)
radiographs are obtained.
i. Describe the radiographic findings.
ii. What would you do next?
iii. How would you change this cat’s
therapy?

208a

208b



208 i. Large-volume pleural effusion is present, with rounded lung lobe borders
suggesting chronicity. The cardiac borders are effaced, but tracheal elevation
suggests cardiomegaly. Pulmonary vessels are not clear. A microchip is in the dorsal
subcutis. Progressive cardiac disease with biventricular failure is likely in this cat.
With lung lobes extending well into the cranial thorax, a mediastinal mass is
unlikely.
ii. Thoracocentesis is indicated to improve lung expansion and obtain samples for
fluid analysis. A modified transudate is expected with congestive heart failure, but
chylous effusion is common in cats with advanced failure. Echocardiography can
further characterize cardiac disease. A restrictive form of cardiomyopathy (RCM),
can (and did here) develop as the end stage of myocardial failure and infarction
from HCM. RCM is characterized by increasingly abnormal ventricular stiffness,
restricted filling, and marked LA enlargement; right heart dilation and failure,
arrhythmias, intracardiac thrombus, and reduced contractility often develop as well.
CBC, serum biochemistries, BP measurement, and ECG would complete the initial
database.
iii. Recommendations for intensified therapy in feline advanced biventricular heart
failure include increasing furosemide dose and frequency, adding pimobendan and
spironolactone, increasing to q12h benazepril, continuing aspirin or clopidogrel,
and repeating thoracocentesis as needed. Carefully monitor renal function and
electrolytes. 
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209 A 10-year-old male Golden Retriever is presented for signs of recurrent cardiac
tamponade. Signs initially occurred 6 months ago (see case 144). No evidence of
neoplasia could be detected at that time or 2 months later when tamponade
recurred. At the latter visit, balloon pericardiotomy was performed, allowing
complete drainage of the pericardial effusion. The dog had been asymptomatic until
recently. Chest radiographs now show pleural effusion. CBC and serum chemistries
are unremarkable, except for mildly increased liver enzyme activities, attributed to
hepatic congestion. Another echocardiogram is done; right parasternal short axis
(209a) and long axis (209b) views are shown. 1 – LV, 2 – LA.
i. What is your echocardiographic interpretation?
ii. How could this happen?
iii. How would you proceed with this case?

209a

209b
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209 i. Recurrent pericardial effusion and tamponade is evidenced by RV and RA
collapse (209b). The RV wall is adhered to the pericardium, deforming the RV
chamber (209a). A discrete mass lesion could not be identified.
ii. Malignant mesothelioma with pericardial inflammation and scarring is the most
likely cause in this older dog. Exaggerated inflammatory response to epicardial
abrasion during pericardiotomy, with pericardial adherence, might be another
possibility.    
iii. Pericardiocentesis may relieve tamponade, but recurrence is likely. Surgical or
thoracoscopic pericardectomy may prevent tamponade and allow biopsy, but
continued pleural effusion is expected with mesothelioma. This dog developed acute
respiratory distress and died before surgery could be pursued. Postmortem
examination revealed mesothelioma (with local scar tissue reaction) involving the
pericardium (209c) and pleura and a large pulmonary thromboembolus. 

Mesothelioma can be difficult to diagnose. Tumor cells often grow diffusely
along membrane surfaces, without a discrete mass. Reactive mesothelial cells appear
cytologically similar to tumor cells. Even with biopsy, immunohistochemical stains
may be required for definitive diagnosis. Prognosis is poor; doxorubicin and
intracavitary cisplatin may prolong survival.

209c
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210 An adult male dog living in the central
USA has recent onset of weakness, abdominal
distension, rapid breathing, and inappetence.
His mucous mem branes are pale; femoral
pulses are weak. Jugular distension with
pulsation is evident. A regular HR at 180 bpm
and a systolic murmur loudest at the right
apex are heard. Respirations are rapid, with
promi nent breath sounds. An echo cardiogram
is done. A 2-D, right parasternal short axis
view at the ventricular level in diastole is
shown (210). 1 – RV, 2 – LV
i. Describe the echo findings.
ii. What treatment do you recommend?
iii. What are your follow up recommendations?

210

211 An 8-year-old male Cavalier King Charles Spaniel is receiving furosemide,
benazepril, pimobendan, and spironolactone for congestive heart failure, initially
diagnosed a year ago. Clinical signs of congestion are controlled and no coughing
has been noticed. Recently, several collapse episodes have occurred with exertion
or excitement. 

The dog is alert and responsive. Respiratory rate (25 breaths/min) and pattern
are normal. A grade 3/6 systolic heart murmur is loudest over the left apex region,
but also heard at the right apex. Systolic BP is 130 mmHg. Echocardiographic
images (from right parasternal position) are shown: M-mode at the ventricular level
(211a) and 2-D color flow systolic frame from a long axis view (211b). Spectral
Doppler interrogation of tricuspid valve regurgitation (TR) yields a peak velocity
of 4.6 m/s. 1 – LV, 2 – LA.
i. What are the major echocardiographic abnormalities shown?
ii. How would you interpret the findings on the spectral Doppler study?
iii. What are some likely causes of episodic collapse in this dog?

211a 211b

1

2

1
2



210 i. Interventricular septal flattening indicates higher diastolic pressure in the
RV compared to the LV. The RV wall is almost as thick as the left, consistent with
chronic RV systolic pressure overload. Multiple, bright parallel echoes are seen
within the RV; these are heartworms entangled in the tricuspid valve apparatus.
This dog has caval syndrome, which develops when a mass of heartworms obstructs
venous inflow to the heart.
ii. Heartworms must be removed from the heart quickly. Alligator forceps, an
endoscopic basket retrieval instrument, or other device can be used to grasp and
withdraw the worms via a right jugular venotomy, using local anesthesia and light
sedation. The instrument is gently passed down the vein into the RA with
fluoroscopic guidance, if available, to retrieve as many worms as possible. Unless
treated, most dogs die within 1–3 days from cardiogenic shock complicated by
metabolic acidosis, disseminated intravascular coagulation, anemia, and multi-
organ failure. Supportive care includes IV fluid and other treatment depending on
individual patient needs.
iii. Survivors of acute caval syndrome are given monthly heartworm preventive after
being stabilized; adulticide treatment to eliminate the remaining worms can proceed
a few weeks later.

211  i. LV motion appears hyperdynamic (FS = 46%; 211a), as is typical with
advanced mitral regurgitation (MR) and well preserved systolic function (increased
LV preload with reduced afterload). Marked MR (211b) is present; the LA and LV
are dilated consistent with chronic MR. Mitral thickening typical for degenerative
(myxomatous) mitral valve disease was seen on 2-D views.
ii. The peak TR velocity (4.6 m/s) indicates a systolic pressure gradient of
84.6 mmHg across the tripcuspid valve, according to the Bernoulli relationship
(P = 4 × v2). This suggests a RV systolic pressure of 89.6 mmHg, if RA pressure is
normal (~5 mmHg). Because this also represents the estimated PA systolic pressure
(if there is no RV outflow obstruction), this indicates concurrent  severe pulmonary
hypertension (normal PA systolic pressure <25 mmHg). Chronic MR and
pulmonary venous hypertension often promote secondary PA hypertension,
although usually to a lesser degree than seen here. 
iii. Pulmonary hypertension can cause exercise intolerance and collapse by
impairing pulmonary blood flow. Collapse could also stem from paroxysmal
tachyarrhythmias (usually atrial) or inappropriate bradycardia from neuro -
cardiogenic reflexes (e.g. vasovagal syncope).
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212 A 6-year-old spayed female Lhasa
Apso is presented for coughing, which is
worse at night. On physical examination
there is mild respiratory distress, an
occasional cough, and normal thoracic
auscultatory findings. Right lateral (212a)
and DV (212b) thoracic radiographs are
taken.
i. What is the specific location of the major abnormality?
ii. What are the differentials for the lesion?

212b212a
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213 An 8-year-old spayed female DSH cat is
presented for anorexia of 1-week duration.
Thoracic radiographs reveal a mediastinal
mass. After CT-guided biopsy yields a
diagnosis of thymoma, a median sternotomy is
performed for surgical excision. An intra -
operative photograph is shown (213); the
cranial aspect of the thorax is to the lower left.
i. What would be the primary differential
diagnosis for this mass (prior to confirmation of the diagnosis of thymoma)?
ii. What are the common presenting clinical signs for thymoma in cats? 
iii. What paraneoplastic syndromes are possible with thymoma?
iv. What is the most consistent prognostic factor for long-term survival in cats and
dogs that have surgical excision of thymoma?
v. What treatment modality can be used for non-resectable thymomas in cats and
dogs and provide a reasonable chance of achieving 1–2-year survival?

213



212 i. There is uniform soft tissue opacity between the heart and the diaphragm.
The border effaces  the caudal vena cava, the mid-caudal border of the heart, and
the central portion of the diaphragm. This suggests a lesion in the accessory lung
lobe, a lesion arising from the diaphragm, or plica vena cava of the caudal
mediastinum. There is also moderate widening of the mainstem bronchi, best seen
in the DV view.
ii. The radiographic findings are non-specific. The general differentials of infection
(bacterial or mycotic) and neoplasia are equally likely, both of which could also
cause secondary tracheobronchial lymph node enlargement. Because of the normal
location of the liver and gastric shadows, diaphragmatic hernia is considered
unlikely. Further assessment by ultrasound and CT imaging may aid in defining the
origin of the lesion and possibly identify a route for non-surgical biopsy. Surgical
biopsy in this patient provided a diagnosis of undifferentiated sarcoma.
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213  i. The primary differential diagnosis for mediastinal thymoma in cats is
lymphosarcoma. Differentiating between these two tumors by minimally invasive
means is important because of the divergent treatment recommendations;
chemotherapy for lymphosarcoma versus surgical excision for thymoma. 
ii. The most common clinical sign in cats with thymoma is dyspnea. Coughing,
anorexia, lethargy, vomiting, and regurgitation are other reported signs.  
iii. Paraneoplastic syndromes associated with thymoma, reported in both animals
and people, include myasthenia gravis, megaesophagus, hypercalcemia, polymyo sitis,
exfoliative dermatitis, cranial vena cava (cranial caval) syndrome, non-thymic
neoplasia, cytopenias, glomerulonephritis, systemic lupus erythematosis, rheumatoid
arthritis, thryoiditis, and cardiac arrhythmias.
iv. The percentage lymphocyte composition of the mass is the most consistent
prognostic indicator in these cases. Cats and dogs with lymphocyte-rich thymomas
live longer than animals with thymomas containing a low lymphocyte percentage.
Tumor invasiveness is another factor related to prognosis. Cats and dogs with
invasive thymomas have a high rate of immediately postoperative mortality.
However, if the animal survives surgery, the chance for 1–2-year survival is good. 
v. When a thymoma is determined to be non-resectable, external beam radiation
therapy may be employed. While complete responses are rare with radiation therapy
of feline and canine thymomas, long-term survival can be achieved.



214 An older spayed female Terrier mix is
presented for recurrence of a cough. Several
months previously she presented for
coughing and was diagnosed with chronic mitral valve disease and mild pulmonary
edema. Furosemide, enalapril, and pimobendan were prescribed and her cough
resolved. She has been doing well until recently. Lateral (214a) and DV (214b) chest
radiographs are obtained.
i. What additional historical or physical examination information would be helpful
in this case?
ii. What is your radiographic interpretation?
iii. How would you manage this case?

214a 214b

215 A 6-year-old spayed female DSH cat is
evaluated for a pharyngeal mass, weight loss,
and suspected tongue paresis. Temporary
tube tracheostomy is performed when the cat
is anesthetized for complete oral examination
and biopsy of the mass (later identified as
squamous cell carcinoma). The owners
declined surgical excision with radiation and
chemotherapy, and opted to maintain the
tube at home for a time prior to euthanasia.
i. What is the principal indication for
tracheostomy tube placement? 
ii. List some situations where temporary tube
tracheostomy is indicated.
iii. What are the key steps for tracheostomy
tube placement?
iv. What two concerns are most important when a tracheostomy tube is in place?

215
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214 i. Is the cough from recurrent pulmonary edema or another cause (e.g. airway
collapse or compression, inflammatory small airway disease, parenchymal disease)?
Findings more likely associated with decompensating heart failure include reduced
exercise tolerance, increased resting respiratory rate, increased HR with minimal to
no sinus arrhythmia, soft productive (rather than dry, honking) cough, and reduced
appetite. In this case, no change in resting respiratory rate, exercise tolerance, or
appetite was observed and a dry cough was described.
ii. There is generalized cardiomegaly (VHS ~12 v) with marked LA enlargement
(LAE; note double ‘apex’ shadow, 214b) causing left main bronchus compression.
No pulmonary edema is evident. 
iii. No increase in diuretic dosage is presently indicated. The dog should be screened
for hypertension, which can exacerbate mitral regurgitant flow and LAE. Manage -
ment strategies include enalapril dosing (q12h), if tolerated, and/or cautiously adding
amlodipine or hydralazine to further increase forward cardiac output. Monitor BP to
avoid hypotension. A cough suppressant helps reduce excessive mechanical or
irritative coughing. Continued monitoring for future heart failure decompensation is
important. If concurrent small airway disease is suspected, confirmation by airway
washing cytology and culture is preferred; if declined, trials of antibiotic,
bronchodilator, and anti-inflammatory glucocorticoid therapy can be tried.
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215  i. The principal indication for temporary tracheostomy tube placement is to
relieve life-threatening upper airway obstruction. 
ii. Temporary tracheostomy may be necessary for oropharyngeal/laryngeal trauma,
foreign body or tumor, and for laryngeal paralysis. Tube tracheostomy can also be
used to facilitate removal of lower airway secretions when the cough reflex is
compromised, to allow manual or mechanical ventilation when orotracheal
intubation is not practical, to reduce airway resistance in patients with increased
intracranial pressure, and to permit inhalant anesthesia during certain intraoral
surgical procedures.
iii. After general anesthesia with endotracheal intubation, key surgical steps are to
make a short ventral mid-line cervical incision, separate the sternohyoideus muscles,
make an interannular tracheal incision less than 50% of the tracheal circumference,
place long knotted stay sutures around the tracheal rings cranial and caudal to the
incision, remove the endotracheal tube as the tracheostomy tube is inserted, and
secure the tube with umbilical tape tied at the back of the neck. 
iv. The two major concerns are to avoid obstruction of the tube and infection.
Constant monitoring, frequent suctioning, and periodic hydration of the tracheal
lumen via saline instillation help to prevent obstruction. Sterile or sanitized supplies
and examination gloves are employed during manipulations to decrease
contamination.



216 A 15-year-old spayed female Miniature Schnauzer has increased respiratory rate
and effort, first noticed when sleeping. She also has a mild cough in the morning and
is reluctant to go on walks. The dog’s HR is 150 bpm; respirations are 50 breaths/min.
A grade 4/6 systolic murmur is heard at the left apex. Increased breath sounds, but no
crackles, are heard. The rest of the examination is unremarkable. Chest radiographs
indi cate moderate cardio megaly with LA prominence and mild perihilar interstitial
infiltrates. An echocardiogram is done; diastolic right parasternal short axis (216a)
and long axis (216b) and systolic left apical (216c, d) frames are shown.
i. Describe the echo findings.
ii. What is your diagnosis?
iii. How would you manage this case?

216b

216c 216d
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217 What is amiodarone, and when is it indicated?

216a



216 i. The images show LV and LA enlargement with knobby mitral valve
thickening. Color flow Doppler shows marked mitral regurgitation (MR, 216d).
Right heart size appears normal, but the tricuspid valve is also thick.
ii. Advanced degenerative mitral valve disease, with left-sided congestive heart
failure (CHF; stage C disease).
iii. Furosemide is used at doses necessary to control the CHF signs (e.g. 1–2 mg/kg
q12h initially here). Pimobendan is also indicated now; its positive inotropic and
vasodilatory effects should improve cardiac pump function. An angiotensin-
converting enzyme inhibitor (ACEI) is also recommended; although conferring
only modest diuretic and vasodilatory effects, ACEIs moderate excess
neurohormonal responses. Enalapril and benazepril are the most commonly used
ACEIs; benazepril’s lesser dependence on renal elimination is advantageous with
concurrent kidney disease. Exercise is not advised in decompensated CHF. A
moderately reduced salt diet is recommended. After CHF signs resolve,
furosemide is gradually titrated downward to the lowest effective dosage (and
longest consistent dosing interval) for long-term therapy. At-home resting
respiratory rate monitoring helps guide this process. Pimobendan and ACEI
therapy are continued. Regular mild to moderate exercise can improve quality of
life in chronic heart failure. Low-dose beta blocker therapy may be helpful long
term.
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217 Amiodarone HCl is a ‘broad-spectrum’ antiarrhythmic drug used for
refractory tachyarrhythmias (both atrial and ventricular origin) in dogs. It is an
iodinated compound that affects K+ (and also Na+ and Ca++) channels and has non-
competitive alpha1- and beta-blocking properties. Classified as a class III
antiarrhythmic drug, amiodarone prolongs action potential duration and
refractoriness in both atrial and ventricular tissues. It may reduce risk of sudden
death. Amiodarone’s complex pharmacokinetics are characterized by delayed onset
of action, prolonged time to steady state, and tissue accumulation of an active
metabolite. Potential side-effects with long-term use are many and include depressed
appetite, gastrointestinal upset, pneumonitis leading to pulmonary fibrosis,
hepatopathy, thyroid dysfunction, and thrombocytopenia, among others.
Occasional hypersensitivity reactions (with acute angioedema) or tremors occur,
especially with IV use (which also can cause hypotension).
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218 Additional testing is done on the dog described in 162. A hemogram indicates
mild anemia, mild neutrophilia, and monocytosis. Serum biochemistry tests are
normal, but a coagulation profile shows moderately increased prothrombin and
activated partial thromboplastin times. Thoracic CT imaging (218a, representative
slice from caudal thorax, dog’s back is at the bottom) and bronchoscopy are
performed. Visual airway inspection reveals small areas of focal hemorrhage in larger
airways and some mucus accumulation within the bronchi. BAL fluid cytology
shows numerous inflammatory cells, especially macrophages containing hemosiderin
pigment and neutrophils; there are also small numbers of eosinophils and parasitic
larvae (218b, c). 
i. What abnormalities can be observed on the CT image?
ii. What is your diagnosis?
iii. What are the available treatment options for this condition?

218a

218b 218c



218  i. Areas of alveolar infiltrate peripherally and around dependant bronchi.
This suggests a diffuse pneumonia, although the possible causes are numerous.
ii. The small larvae support a diagnosis of infection with Angiostrongylus
vasorum, a nematode parasite that infects the PAs and RV of wild and domestic
canids. Angiostrongylosis is common in western and northern Europe, but is also
reported in several other regions worldwide. Verminous pneumonia and
pulmonary vascular lesions are often observed, with thromboarteritis, intimal
proliferation, and, in some cases, development of pulmonary hypertension,
although this is less common than with heartworm disease (Dicrofilaria immitis).
Coagulopathies and anemia are often present, as observed in this case.

A. vasorum larvae (L1) are ~350 μm long and characterized by a kinked tail
(218b) and dorsal spine (seen better in 218c). Larvae may also be found on fecal
examination (Baermann technique), as L1 larvae migrate into small airways to be
coughed up and swallowed. Multiple fecal samples may be needed for diagnosis
because of intermittent shedding.
iii. Several anthelmintics can kill adult A. vasorum worms. Fenbendazole,
imidacloprid/moxidectin, or milbemycin are commonly used (see case 154 for
doses). Supportive care is provided as needed; post-treatment parasitic embolism,
similar to heartworm disease, is possible.
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219 A 9-year-old 40 kg (88 lb) male
Laborador Retriever is re ferred for a 
2-week history of exercise intolerance,
non-productive cough, and as cites
(modi fied transudate). Furosemide 
(40 mg q12h) and spironolactone 
(50 mg q12h) have been prescribed by
another veterinarian. The dog is alert,
well hydrated, over weight, and panting.
Body temperature is 38.9°C (102°F);
HR is 72 bpm. Mucous membranes and
femoral pulses are normal. Jugular veins
are mildly distended.  No heart murmur
is heard and lung sounds are normal.
The abdomen is severely distended with
ascites. Systolic BP is normal. Chest
radiographs show minimal cardiac
enlargment (VHS 11.6 v) with a
moderate volume of pleural fluid.
Laboratory tests reveal a stress leuko -
gram, mild hyper glycemia, and mild
hypoalbuminemia. Central venous pres -
sure (CVP) is 16 mmHg (normal 
0–5 mmHg). Echocardiography shows
trivial AV valve insufficiency; right
parasternal short axis (219a) and left
apical 4-chamber (219b) images are
shown.
i. Describe the echo findings.
ii. What is your assessment of this case?
iii. What are your recommendations?

219a

219b
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219 i. There is a tiny amount of pericardial effusion. Cardiac chamber proportions
are unremarkable. A mass lesion is not evident. Some pleural effusion is seen near
the cardiac apex (219b).
ii. Elevated CVP with bicavitary effusion occurs from diseases causing right-sided
congestive heart failure, cardiac tamponade, restrictive pericardial disease, and
other inflow obstruction. Evidence for primary right-sided heart disease, cardiac
tamponade, or intracardiac obstruction is lacking here. Constrictive pericardial
disease was diagnosed. This can develop subsequent to bouts of idiopathic
pericardial effusion, but this dog has no history of this. Other causes include
pericardial infection (e.g. actinomycosis, coccidioidomycosis), foreign body, and
neoplasia (including mesothelioma), but the etiology often is unknown.
iii. Medical therapy (e.g. diuretic, vasodilator) is ineffective and further reduces cardiac
output. Constrictive pericarditis requires surgical pericardiectomy to improve
ventricular filling; pericardial window and balloon pericardiotomy procedures are
generally inadequate. Pericardiectomy is more likely to succeed if parietal pericardium
only is affected. Visceral pericardial involvement and adhesions require epicardial
stripping to relieve restriction. This increases surgical difficulty and associated
complications. Excised tissue should be biopsied (mesothelioma was diagnosed in this
case). Complications can include myocardial bleeding, cardiac perforation, pulmonary
thrombosis, disseminated intravascular coagulopathy, arrhythmias, and cardiac arrest.
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Drugs used for cardiac and respiratory diseases
Drug Dog doses Cat doses
Acepromazine 0.02–0.1 mg/kg (up to 3 mg total) Same

IV, IM, SC

Albuterol 0.02–0.05 mg/kg PO q6–8h Same

Amikacin 5–10 mg/kg IV, SC q8h Same

Aminophylline 11 mg/kg PO, IM, IV q8h 5 mg/kg PO, IM, IV q12h

Amiodarone 10 mg/kg PO q12h for 7 days, then —
8 mg/kg PO q24h (lower as well as 
higher doses have been used); 
3(–5) mg/kg slowly (over 
10–20 minutes) 
IV (can repeat, but do not exceed 
10 mg/kg in 1 hour)

Amlodipine 0.05–0.3(–0.5) mg/kg PO q12–24h 0.625 (–1.25) mg/cat 
(or 0.1–0.5 mg/kg) 
PO q24(–12)h

Amoxicillin 22 mg/kg PO q8–12h Same

Amoxicillin– 20–25 mg/kg PO q8h Same
clavulanate

Ampicillin 22 mg/kg PO, IV, SC q8h Same

Azithromycin 5–10 mg/kg PO q24h for 3 days, 5–10 mg/kg PO q24h for 
then q48–72h 3 days, then q72h

Aspirin 0.5 mg/kg PO q12h Low-dose, 5 mg/cat q72h (or 
20–40 mg/cat [¼–½ baby 
aspirin] PO 2–3 times a 
week)

Atenolol 0.2–1.0 mg/kg PO q12–24h 6.25–12.5 mg/cat 
PO q(12–)24h

Atropine 0.02–0.04 mg/kg IV, IM, SC; Same
0.04 mg/kg PO q6–8h. 
Atropine response test: 0.04 mg/kg 
IV; record ECG 5–10 minutes after 
injection. If HR not increased by 
≥150%, repeat ECG 15 (to 20) 
minutes after injection.

Benazepril 0.25–0.5 mg/kg PO q(12–)24h 0.25–0.5 mg/kg 
PO q(12–)24h
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Drug Dog doses Cat doses

Buprenorphine 0.005–0.02 mg/kg IM, IV, SC q6–8h 0.005–0.02 mg/kg IM, IV, 
SC q6–8h

Butorphanol 0.2–0.4 mg/kg IM, IV, SC q2–4h; 0.2–0.8 mg/kg IV, SC q2–6h; 
antitussive: 0.05–0.06 mg/kg SC 1.5 mg/kg PO q4–8h
q6–12h or 0.5 mg/kg PO

Captopril 0.5–2.0 mg/kg PO q8–12h 0.5–1.25 mg/kg PO q12–24h

Carvedilol 0.05 mg/kg q24h (initial dose, if  —
cardiac disease), gradually titrate up 
to 0.2–0.4 mg/kg PO q12h as 
tolerated; possibly up to 1.5 mg/kg 
PO q12h PO if needed

Cefazolin 20–35 mg/kg IM, IV q8h Same

Cephalexin 20–40 mg/kg q8h Same

Chlorothiazide 10–40 mg/kg PO q12–48h 10–40 mg/kg PO q12–48h 
(start low) (start low)

Clindamycin 5.5–11(–20) mg/kg PO, SC, IM, 5.5–11(–25) mg/kg PO, SC, 
IV q12(–24)h IM, q12–24h

Clopidogrel 2–4 mg/kg PO q24h; oral loading ¼ (–½?) of 75 mg tab/cat 
dose, 10 mg/kg PO q24h

Codeine 0.1–0.3 mg/kg PO q4–6h —
(antitussive)

Dalteparin 100–150 U/kg SC q12(–24)h 100 U/kg SC q12(–24)h
sodium

Dexamethasone 0.1–0.2 mg/kg IV, IM, PO q12–24h Same

Dextro- 1–2 mg/kg q6–8h —
methorphan

Digoxin PO: dogs <22 kg,  0.007 mg/kg (or ¼ of 
0.005–0.008 mg/kg 0.125 mgtab) PO q48h
q12h; dogs >22 kg, 0.22 mg/m2 or 
0.003–0.005 mg/kg q12h. 
Decrease by 10% for elixir. 
Maximum: 0.5 mg/day or 
0.375 mg/day for Doberman Pinschers
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Drug Dog doses Cat doses

Diltiazem Oral maintenance: initial dose Same?
0.5 mg/kg (up to 2+ mg/kg) PO q8h; For HCM: 1.5–2.5 mg/kg  
acute IV for supraventricular (or7.5–10 mg/cat) PO q8h; 
tachycardia: 0.15–0.25 mg/kg over sustained-release 
2–3 minutes IV, can repeat every 15 preparations: Diltiazem 
minutes until conversion or  (Dilacor) XR, 30 mg/cat/day 
maximum 0.75 mg/kg; CRI: (½ of a 60 mg controlled-
5–15 mg/kg/hour; PO loading release tablet within the 
dose: 0.5 mg/kg PO followed by 240 mg gelatin capsule), can 
0.25 mg/kg PO q1h to a total of increase to 60 mg/day in 
1.5(–2.0) mg/kg or conversion. some cats if necessary; 
Diltiazem (Dilacor) XR, 1.5–4 (45 mg/cat ~105 mg of
(–6) mg/kg PO q 12–24h Cardizem-CD, 10 mg/kg/day 

Cardizem-CD, or amount 
that fits into small end of a 
No. 4 gelatin capsule)

Diphenhydra- 1 mg/kg IM; 2–4 mg/kg PO q8h 1 mg/kg IM, IV q6–8h; 
mine (or 25–50 mg/dog IV, IM, PO) 2–4 mg/kg PO q6–8h

Dobutamine 1–20 mcg/kg/minute CRI; start low 1–5 mcg/kg/minute CRI; 
start low

Dopamine 1–10 mcg/kg/minute CRI; start low 1–5 mcg/kg/minute CRI; 
start low

Doxycycline 5–10 mg/kg PO, IV q12h Same

Enalapril 0.5 mg/kg PO q12–24h 0.25–0.5 mg/kg 
PO q(12–)24h

Enalaprilat 0.2 mg/kg IV, repeated q1–2h as —
needed

Enoxaparin 0.8 mg/kg SC q6h 1–1.25 mg/kg SC q6–12h

Enrofloxacin 5–20 mg/kg PO, IM q24h 5 mg/kg PO q24h

Esmolol 0.1–0.5 mg/kg IV over 1 minute Same
(loading dose), followed by infusion 
of 0.025–0.2 mg/kg/minute

Fenbendazole 25–50 mg/kg PO q12h for 14 days Same (lungworms)
(lungworms); 20–50 mg/kg for [5–] 
21 days (A. vasorum)

Flecainide (?) 1–5 mg/kg PO q8–12h —

Fosinopril 0.25–0.5 mg/kg PO q24h —
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Drug Dog doses Cat doses

Furosemide Acute: 2–5[–8] mg/kg IV or IM, Acute: 1–2[–4] mg/kg IV or 
q1–4h until respiratory rate IM, q1–4h until respiratory 
decreases, then 1–4 mg/kg q6–12h, rate decreases, then q6–12h.
or 0.6–1 mg/kg/hour CRI. Long term: 1–2 mg/kg PO 
Long term: 1–3(or more) mg/kg PO q8–12h; use smallest 
q8–24h; use smallest effective dose effective dose

Gentamicin 9–14 mg/kg IV. IM, SC q24h 5-8 mg/kg IV, IM, SC q24h

Glycopyrrolate 0.005–0.01 mg/kg IV or IM; 0.01– Same
0.02 mg/kg SC as needed

Heparin sodium 200–250 IU/kg IV, followed by Same
200–300 IU/kg SC q6–8h for 2–4 
days or as needed

Hydralazine 0.5–2 mg/kg PO q12h (to 1 mg/kg 2.5 (up to 10) mg/cat 
initial); for hypertensive crisis: PO q12h
0.2 mg/kg IV or IM, repeated q2h  
as needed

Hydro- 0.5–4 mg/kg PO q12-48h (start low) 0.5–2 mg/kg PO q12–48h 
chlorothiazide (start low)

Hydrocodone 0.25 mg/kg PO q4–12h Not recommended
bitartrate

Hydrocortisone Shock: 50–150 mg/kg IV; 
sodium anti-inflammatory: 5 mg/kg IV q12h Same
succinate

Hyoscyamine 0.003–0.006 mg/kg PO q8h —

Imidacloprid/ 0.1 ml/kg (10[–25] mg/kg plus —
moxidectin 2.5[–6.25] mg/kg) topical, single 

dose (A. vasorum)

Imidapril 0.25 mg/kg PO q24h —

Isoproterenol 0.045–0.09 mcg/kg/minute CRI Same

Isosorbide 0.5–2 mg/kg PO q(8–)12h —
dinitrate

Isosorbide 0.25–2 mg/kg PO q12h —
mononitrate

Ivermectin Heartworm prevention: 6 mcg/kg Heartworm prevention: 
PO q30days; endoparasites: 200– 24 mcg/kg PO q30days; 
400 mcg/kg SC, PO weekly endoparasites: same

l-Carnitine 1 g (for dogs <25 kg) to 2 g (for  —
dogs 25–40 kg) q8h; mix with food
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Labetolol 0.25 mg/kg IV over 2 minutes, —
repeated up to a total dose of 
3.75 mg/kg; follow with 
25 mcg/kg/minute CRI

Lidocaine Initial boluses of 2 mg/kg slowly IV, Initial bolus of 0.25–0.5 (or 
up to 8 mg/kg; or rapid IV infusion 1.0) mg/kg slowly IV; can 
at 0.8 mg/kg/minute; if effective, repeat boluses of 0.15–
then 25–80 mcg/kg/minute CRI; 0.25 mg/kg, up to total of 
can also be used intratracheally 4 mg/kg; if effective, 
for CPR 10–40 mcg/kg/minute CRI

Lisinopril 0.25–0.5 mg/kg PO q(12–)24h 0.25–0.5 mg/kg PO q24h

Marbofloxacin 3–5.5 mg/kg PO q24h Same

Melarsomine 2.5 mg/kg IM (see case 27 for Not recommended
instructions)

Metoprolol Initial dose, 0.1–0.2 mg/kg PO —
q24(–12)h, up to 1 mg/kg q8(–12)h

Metronidazole 10 mg/kg PO q8h 10 mg/kg PO q12h

Mexiletine 4–10 mg/kg PO q8h —

Milbemycin 0.5–1.0 mg/kg PO q30days 2 mg/kg PO q30days
oxime (heartworm prevention); 0.5 mg/kg (heartworm prevention)

PO once weekly for 4 weeks 
(A. vasorum)

Moxidectin 3 mcg/kg PO q30days —
(heartworm prevention)

Nitroglycerin ½–1½ inch percutaneously q4–6h ¼–½ inch percutaneously
2% ointment q4–6h

Nitroprusside 0.5–1 mcg/kg/minute CRI (initial) to Same
5–15 mcg/kg/minute CRI

Oxtriphylline 14 mg/kg PO q8h —

Phenoxy- 0.2–0.5 mg/kg PO q(8–)12h 0.2–0.5 mg/kg or 2.5 mg/cat 
benzamine PO q12h

Phentolamine 0.02–0.1 mg/kg IV bolus, followed Same
by CRI to effect

Phenytoin 10 mg/kg slowly IV; Do not use
30–50 mg/kg PO q8h

Pimobendan 0.2–0.3 mg/kg PO q12h As for dog, or 1.25 mg/cat 
PO q12h
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Praziquantel 23 mg/kg PO q8h for 3 days Same
(for Paragonimus)

Prazosin 0.05–0.2 mg/kg PO q8–12h —

Prednisone 0.25–2 mg/kg PO q12h Same

Prednisolone Up to 10 mg/kg IV Same
sodium succinate

Procainamide 6 –10 (up to 20) mg/kg IV over 5– 1.0–2.0 mg/kg slowly IV; 
10 minutes; 10–50 mcg/kg/minute 10–20 mcg/kg/minute CRI; 
CRI; 6–20 (up to 30) mg/kg IM 7.5–20 mg/kg IM or 
q4–6h; 10–25 mg/kg PO q6h PO q(6–)8h
(sustained release: q6–8h)

Propafenone 2–4 (up to 6) mg/kg PO q8h —
(start low)

Propantheline 3.73–7.5 mg/dog PO q8–12h —
bromide

Propranolol 0.02 mg/kg initial bolus slowly IV Same IV instructions; 2.5 up 
(up to maximum of 0.1 mg/kg); to 10 mg/cat PO q8–12h
initial dose, 0.1–0.2 mg/kg PO q8h, 
up to 1 mg/kg q8h

Quinidine 6–20 mg/kg IM q6h (loading dose, 6–16 mg/kg IM or PO q8h
14–20 mg/kg); 6–16 mg/kg PO q6h; 
sustained action preparations, 
8–20 mg/kg PO q8h

Ramipril 0.125–0.25 mg/kg PO q24h —

Selamectin 6–12 mg/kg, topical q30days Same
(heartworm prevention)

Sildenafil 0.5–2 (–3) mg/kg PO q8–12h —

Sotalol 1–3.5 (–5) mg/kg PO q12h 10–20 mg/cat PO q12h (or 
2–4 mg/kg PO q12h)

Spironolactone 0.5–2 mg/kg PO q(12–)24h 0.5–1 mg/kg PO q(12–)24h

Taurine 0.5–1 g (for dogs <25 kg) to 1–2 g 0.25 (–0.5) g PO q12(–24)h
(for dogs 25 – 40 kg) PO q(8–)12h (myocardial failure)

Terbutaline 1.25–5 mg/dog PO q8–12h 1/8–1/4 of 2.5 mg tablet/cat 
q12h PO initially, up to ½ 
tablet q12h; 0.01 mg/kg SC, 
can repeat once in 
5–10 minutes if needed

Tetracycline 22 mg/kg PO q8h Same
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Theophylline 9 mg/kg PO q8h 4 mg/kg PO q12h
base 
(immediate 
release)

Theophylline 10 mg/kg PO q12h 15 mg/kg PO q24h (in 
(long acting) evening)

Trimethoprim- 15–30 mg/kg PO q12h Same
sulfadiazine

Vitamin K1 2–5 mg/kg PO, SC q24h Same

Verapamil Initial dose, 0.02–0.05 mg/kg slowly Initial dose, 0.025 mg/kg 
IV, can repeat q5minutes to total of slowly IV, can repeat 
0.15(–0.2) mg/kg; 0.5–2 mg/kg q5minutes to total of 0.15
PO q8h (–0.2) mg/kg; 0.5–1 mg/kg 
(Note: diltiazem preferred) PO q8h. (Note: diltiazem 

preferred)

Warfarin 0.1–0.2 mg/kg PO q24h 0.5 mg/cat PO q24h

HCM, hypertrophic cardiomyopathy; CRI, constant rate infusion; CPR,
cardiopulmonary resuscitation; IM, intramuscularly; IV, intravenously; PO, orally;
SC, subcutaneously; —, effective dosage not known.
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thromboplastin time 97,
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syndrome 105, 106, 197

Addison’s disease 54
aerophagia 56, 105, 179, 191
air bronchogram 62, 65, 66,

89, 101, 166
airway collapse 15, 57, 58,

164, 195
airway obstruction 1

bronchial foreign body 
102, 103

upper airway 9, 50, 57, 
58, 116, 133

albuterol 96, 100
allergens 96, 99, 151
alveolar–arterial gradient 68
aminophylline 181
amiodarone 49, 87, 217
amlodipine 132, 201
amoxicillin–clavanulate 150,

166
anemia 82
angiography 45, 88, 110,

121, 163
angiostrongylosis 64, 154,

162, 218
angiotensin-converting

enzyme inhibitors 95, 
107, 110, 181, 187, 207,
216

anthelmintics 154, 199, 218
antiarrhythmic drugs 49, 91,

148, 217
antibiotic therapy

bronchopneumonia 150, 
177

endocarditis 128
infectious tracheo- 

bronchitis 166
antihypertensive therapy 132
aorta, dilation of ascending

132

aortic body tumor 158
aortic stenosis, see subaortic

stenosis
aortic valve

endocarditis 128
insufficiency/regurgitation 

85, 86, 88, 127, 171, 
186

apical impulse, right 156
arrhythmias

accelerated idioventricular 
rhythm 173

atrial fibrillation 18, 67, 
145, 149, 175, 188

atrial standstill 53, 115
atrial tachyarrhythmias 

38, 80, 87, 181, 189, 
217

atrioventricular  block 23, 
37, 77, 113, 114, 143, 
183

bradyarrthythmias 23, 37, 
102, 103, 114, 143

re-entrant 
supraventricular 
tachycardia 130

sinus 21, 54, 102, 103, 
173

sinus arrest 135, 143, 204
supraventricular 

tachycardia 49, 87
ventricular tachycardia 4, 

36, 148, 172
arterial pulses (abnormal)

127, 146, 180, 188
arterial thromboembolism

97, 107, 180
diagnosis 180
diseases causing 180
feline 34
management 180

ascites 43, 111, 120, 121,
205, 206, 219
categories 120

aspirin 35, 97, 107, 165, 208
asthma, feline 89, 99
atenolol 35
atrial fibrillation 18, 145,

149, 175, 188
feline 67
treatment 145

atrial premature complexes
38, 80, 181

atrial standstill 53, 115
persistent 115

atrial tachyarrhythmias 38,
80, 87, 181, 189, 217

atrioventricular block 23,
37, 113, 114
complete 183
intermittent 23, 143
symptomatic 77

atropine 143
atropine response test 37,

115
auscultation (cardiac)

feline 41
see also murmur

β2-adrenoreceptor agonists
96, 100

bacterial pneumonia 78,
150, 177

Balfour retractor 84
balloon valvuloplasty 45, 63
barium swallow 40
benazepril 35, 208, 216
beta blockers 32, 47, 49, 80,

132, 165, 207
sotalol 91

biomarkers, cardiac 75, 95
bite wounds 178
blastomycosis 197
bloating, ‘whole body’ 182
blood gas analyses 68, 102
blood smears 138
bone, periosteal formation

142, 155
Bordetella spp. 166, 177
Boxer cardiomyopathy 36
brachycephalic breeds 158
bradyarrhythmias 23, 37,

114, 143
bradycardia, episodic 102,

103
bradycardia–tachycardia

(sick sinus) syndrome 204
breathing, open mouth 21
breathing pattern 1, 133
bronchial collapse 15
bronchial pattern 16, 28, 72,

99, 176
bronchiectasis 72, 176
bronchitis

allergic 96, 100, 151
chronic 10, 72, 195
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bronchoalveolar carcinoma
17, 70, 168

bronchoalveolar lavage 
airway inflammation 96, 

99
angiostrongylosis 218
bronchopneumonia 177
chronic bronchitis 10, 72
histoplasmosis 169
tracheal thickening 82

bronchodilators 15, 96, 99,
100, 150, 204

bronchopneumonia 62, 150,
166, 177

bronchoscopy
bronchial foreign body 103
chronic bronchitis 195
eosinophilic lung disease 

153
feline asthma 99
pulmonary tumor 168

bronchus
compression 214
foreign body 103

bulla, pulmonary 134
Bulldogs 62
bullet wound 194

calcinosis cutis 126
calcium-channel blockers 

201
cannon ‘a’ waves 23
cardiac catheterization 88,

163, 205
cardiac shift 98, 156, 193
cardiac silhouette

horizontal orientation 
132

‘valentine’ shape 35
vertical orientation 32
see also cardiomegaly

cardiac size, assessment 20,
39

cardiac tamponade 43, 46,
69, 144
recurrent 209

cardiac troponin I 75, 95
cardiomegaly 18, 32, 35, 46,

79, 107, 110, 114, 117,
132, 140, 149, 175, 189,
203
assessment 20
generalized 28, 46, 170, 

171, 203, 214
left heart 174, 175

cardiomyopathy
arrhythmogenic RV 

(‘Boxer’) 26, 36
dilated 4, 32, 95, 148, 

170, 171, 207
hypertrophic (HCM) 28, 

35, 67, 90, 117
hypertrophic obstructive 

47
restrictive 110, 165, 208
thromboembolism 107

carnitine, plasma 171
carotid sinus massage 87
carvedilol 189
caval syndrome 55, 210
caval thrombosis 109
cavitary pulmonary lesions

108, 134, 153, 196
central venous pressure 29,

219
measurement 29

cephalexin 150
chemodectoma 158
chemotherapy 123
chylothorax 25, 59, 60, 101
clopidogrel 35, 97, 107, 

165
coagulopathies 65, 104
Cocker Spaniels 171
collapse 77, 102, 103, 112

episodic 53, 130, 146, 172, 
204, 211

see also syncope
computed tomography 17,

108, 193, 196, 218
congenital disorders

cor triatriatum dexter 
120, 121

laryngeal paralysis 5
pectus excavatum 118, 119
persistent left cranial vena 

cava 31
persistent right aortic arch 

139
pulmonic valve stenosis 63
subaortic stenosis 85, 86, 

146
tetralogy of Fallot 92, 125
tracheal hypoplasia 62
tricuspid dysplasia 87, 

206
congestive heart failure 18,

32, 110, 117, 165, 170,
205
biventricular 90, 208

congestive heart failure
(continued)
chronic patent ductus 

arteriosus  174, 175
concurrent pulmonary 

hypertension 211
decompensated 189, 216
feline 26, 110, 208
management 110, 171, 

189, 214, 216
re-evaluation 157
stage D management 187
staging 73

cor triatriatum dexter 120,
121

coronaviruses 61
corticosteroids 96, 99, 153,

184
cough

causes in cats 137, 199
chronic 1, 10, 176, 195, 

199, 200
with eating/drinking 40, 98
with gagging 39, 40, 93, 

200
‘honking’ 164, 166
intermittent/episodic 8, 9, 

82, 164
non-cardiac causes 39, 40, 

102, 103
persistent 38, 151, 162
productive 151, 200
recent onset 2, 8
recurrent 2, 214

crackles, pulmonary 56, 66,
82, 90, 126, 162, 165,
191, 198

cranial caval syndrome 51,
52, 109

Curschmann’s spiral 10
Cushing’s disease 126
cyanosis 12, 50, 92, 102,

133, 194
with activity 125, 203
causes 12
differential 131

cyclophosphamide 153
cyst, tracheal 9, 133
cytology 218

dalteparin sodium 97
dental procedures, history of

78
dexamethasone sodium

phosphate 96
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diaphragmatic hernia
left-sided 98
peritoneopericardial 140, 

188
right-sided 3, 74
traumatic 74, 84

digoxin 80, 181, 189
digoxin toxicity 143
diltiazem 49, 80, 87, 107,

145, 149
diphenylhydantoin 143
dobutamine 95
drowning 66
dyspnea, see respiratory

distress

echocardiogram 26
cardiac tumor 76, 158
cardiomyopathy 47, 90, 

165
heartworm disease 185, 

210
M-mode 47, 48, 90, 127, 

207
mitral valve disease 149, 

188
patent ductus arteriosus 

175
penetrating cardiac wound 

194
pericardial effusion 144
peritoneopericardial 

diaphragmatic hernia  
188

pulmonary hypertension 
129, 162

pulmonic stenosis 63
recurrent cardiac 

tamponade 209
spontaneous contrast 107
subaortic stenosis 146
tetralogy of Fallot 125
ventricular septal defect 

186
edema

cranial subcutaneous 109
pulmonary 81, 84, 105, 

106, 117, 170, 171
electrical alternans 43
electrocardiogram 

accelerated idioventricular 
rhythm 173

artifacts 159, 183
atrial fibrillation 67, 145, 

188

electrocardiogram (ECG)
(continued)
atrial tachyarrhythmias 

80, 181
atrioventricular  block 183
cardiac tumor 75
digoxin toxicity 143
electrical alternans 43
Holter/ambulatory 36, 77, 

207
hyperkalemia 33
mean electrical axis 24
mitral valve dysplasia 13
right bundle branch block 

113, 152
sick sinus syndrome 204
sinus arrhythmias 54, 155
ST segment elevation 75
ventricular pre-excitation 

49, 130
ventricular tachycardia 4, 

36, 148
emphysema, subcutaneous

182
enalapril 38, 189, 214, 216
endocardiosis 48
endocarditis 85, 86, 127, 128
endotracheal tube trauma

182
enoxaparin 97
enrofloxacin 166
eosinophilia 16, 96, 151, 153
erythrocytosis, primary 12,

92
esmolol 87
esophageal reflux 200
esophagobronchial fistula

39, 40
esophagram 39, 40, 139
esophagus

abnormal thoracic 167
distension/dilation 93, 

139, 191
foreign body 179

feline infectious peritonitis 61
femoral pulses 23
fenbendazole 154, 199
fibrosarcoma 155
fire damage 56
fish oil 32
fluconazole 169
fluoroquinolones 166
foreign body

bronchus 102, 103

foreign body (continued)
esophagus 179

fractures
ribs 147
spinal compression 202

furosemide 38, 95, 110, 149,
165, 170, 174, 189, 208,
216

furosemide therapy 32

gagging 39, 40, 93
gallop sounds 32, 41, 117,

132, 148, 165
gastroesophageal reflux 200
gentamicin 166
glycopyrrolate 143

heart failure
acute 190
chronic 174, 175, 181
right-sided 69
staging 73
see also congestive heart 

failure
heartworm disease 136, 137,

210
diagnosis 136
echocardiogram 185, 210
feline 185
severity grading 55
treatment 27, 210

Heinz bodies 138
hemangiosarcoma 6, 75, 76
hematocrit 82, 92
hematoidin 6
hemoptysis 65, 108
hemorrhage 6, 65, 104, 147,

162
hemosiderin 6
heparins 97, 107
hindlimb weakness 107, 

180
histoplasmosis 22, 169
Horner’s syndrome 93
hydroxyurea 92
hyperadrenocorticism

(Cushing’s disease) 126
hyperkalemia 33, 53, 54
hypersensitivity response 16,

96, 99, 151, 153
hypertension

systemic 132
see also pulmonary 

hypertension
hyperthyroidism 132
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hypoadrenocorticism
(Addison’s disease) 54

hypotension 194
hypoventilation 42
hypoxemia 12, 42, 66, 68,

102, 103, 203
causes 102

imidacloprid 154
inflammation, airway 2, 82,

96, 99, 177
inhalation therapy 99, 100
insulin therapy 33
itraconazole 169

jugular veins,
pulsation/distension 23,
26, 51, 71, 111, 136, 
210

jugular venotomy 210

kennel cough (infectious
tracheobronchitis) 166

ketoconazole 169

L-carnitine 32, 207
larynx

paralysis 5, 58
radiography 167

left atrial enlargement 4, 14,
15, 38, 81, 107, 110, 114,
115, 164, 165, 214, 216

left ventricle 
enlargement 13, 86, 90, 

95, 165, 186
fractional shortening  

189, 207
hypertrophy 86, 90
wall motion 95

left ventricular outflow
obstruction 35, 47

lidocaine 49, 87, 143, 145
limb swelling 142
lipoma, abdominal 183
lung consolidation 191
lung lobe torsion 101
lung re-expansion edema 

84
lung sounds (abnormal) 56,

66, 90, 116, 126, 153,
162, 165, 191, 198
classification 198

lymphadenopathy 22, 192
lymphoma 52, 94, 141, 192

diagnostic tests 141

mechanical ventilation 42
mediastinal mass 51, 52, 93,

94, 109, 122, 213
megaesophagus 139, 191

causes 191
melarsomine

dihydrochloride 26
mesothelioma 71, 123, 209,

219
metallic projective injury 194
metastases, pulmonary 11,

168
metered dose inhaler 100
milbemycin oxime 154
mineralization, cutaneous 126
mitral regurgitation 7, 14,

48, 95, 164, 188, 189,
211, 214, 216

mitral valve
chronic degenerative 

disease 38
dysplasia 13, 80, 149

moxidectin 154
murmur

aortic 127, 186
apical 20, 26, 38, 48
continuous (machinery) 

79, 85, 139
diastolic 127, 128, 186
holosystolic 13, 14, 15, 

114, 162, 186
important characteristics 7
mitral 7, 39, 47, 133, 149, 

189
pectus excavatum 118
physiologic 7
pulmonic 45
systolic 4, 7, 12, 18, 24, 

28, 29, 32, 35, 67, 141, 
152, 186, 203

‘to-and-fro’ 85
muscular dystrophy, AV 115
myocardial disease, atrial 53
myocardial injury 173
myocardial tumor 172
myxoma, cardiac 111

N-acetylcysteine 138
nasal discharge 197
neoplasia

abdominal 183
cardiac 6, 69, 75, 76, 111, 

158, 172
mesothelioma 71, 123,
209

neoplasia (continued)
pericardial effusion 6, 

141, 144, 209
pulmonary 2, 17, 70, 82, 

168
thoracic/mediastinal 51, 

52, 93, 94, 109, 122, 
142, 155, 212, 213

tracheal 116
nephropathy, protein-losing

19
nodules

airway 2, 8, 11, 108, 153
differentiation of benign 

and malignant 11
NT-pro-BNP 95

octreotide 60
ocular pressure, bilateral 87
orthopnea 1, 104
Oslerus osleri 2
osteoma, pulmonary 11
osteopathy, hypertrophic 142
oxidative damage 138

pacemaker, artificial 113,
115, 135, 183

pancreatitis 105, 106
paragonimiasis 108, 199
paraneoplastic syndromes

213
parasympathetic tone 21
patent ductus arteriosus 

79, 80, 139, 163, 174,
175
diagnostic tests 163
right-to-left shunting 

(reversed) 131, 156
pectus excavatum 9, 118,

119
pericardial effusion 6, 43,

69, 144, 194
cardiac tamponade 46, 144
neoplastic 6, 141, 144, 

209, 219
pericardial fluid samples 6,

71, 141, 161
pericardial space, soft tissue

188
pericardiectomy 69, 219
pericardiocentesis 6, 46,

160, 161
complications 161
equipment and technique 

159
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pericarditis, constrictive 219
periosteal new bone

formation 142, 155
peritoneopericardial

diaphragmatic hernia 140,
188

persistent left cranial vena
cava 31

persistent right aortic arch
139

pharynx 167, 215
phlebotomy 92
phosphodiesterase-5

inhibitors 83
physical deformities 9, 118,

119
pimobendan 38, 95, 124,

165, 181, 207, 216
effects and indications 124

pleural effusion 29, 75, 101,
208, 219
chylous 25, 59, 60, 101
differentiation from 

thoracic mass 155
exudate 61
modified transudate 26
pseudochylous 25
transudates 19, 155
traumatic 194

pleural fluid samples 25, 59,
61, 78

pleuritis 123
pneumomediastinum 30
pneumonia

aspiration 191
bacterial 150, 177
embolic 78
fungal 22, 169
parasitic 108, 162, 199, 

218
pyogranulomatous 89

pneumothorax 30
recurrent 134
spontaneous 193, 196

polycythemia rubra vera 12,
92

positive end-expiratory
pressure 42

praziquantel 199
precordial impulse 131, 156
prednisolone 96, 116
prednisone 153
pregnancy, diaphragmatic

hernia 3
procainamide 49

propranolol 87
protein/creatinine ratio,

urine 19
prothrombin time 104
pulmonary arteries,

enlargement 137
pulmonary carcinoma

bronchoalveolar 17, 168
bronchogenic 70

pulmonary edema
cardiogenic 117, 170, 

171, 214
fluid analysis 106
non-cardiogenic 81, 105, 

106
re-expansion 84

pulmonary fibrosis,
idiopathic 184

pulmonary granulomatosis,
eosinophilic 153

pulmonary hypertension 
12, 129, 156, 162, 164,
211
echocardiography 129, 

162
management 83

pulmonary infiltrates 162
pulmonary pattern

alveolar 2, 56, 62, 66, 81, 
89, 101, 162, 191, 218

alveolar–interstitial 65, 105
bronchial 16, 28, 72, 99, 

176
interstitial 2, 10, 22, 96, 

126, 137, 149, 162, 
168, 192, 197, 218

nodular 11
vascular 79, 117, 170, 

174, 185
pulmonary

thromboembolism 27, 
185

pulmonary vessel dilation
170, 174

pulmonic stenosis 45, 63,
125, 205

purring
discouraging during 

auscultation 41
ECG artifact 159

pyothorax 78

radiography
air bronchogram 62, 65, 

66, 89, 101, 166

radiography (continued)
aspiration pneumonia 

191
bronchiectasis 72, 176
bronchitis 72
cardiomegaly 20, 28, 32, 

35, 46, 170, 203
cavitary pulmonary 

lesions 108, 196
diaphragmatic hernia 3
dilated cardiomyopathy 

170, 171
esophagobronchial fistula 

39, 40
feline asthma 89
fire damage 56
hypertrophic osteopathy 

142
laryngeal/pharyngeal 

regions 167
lymphadenopathy 22
near drowning 66
paragonimiasis 199
patent ductus arteriosus 

79
pleural effusion 60, 155, 

208
pneumothorax 30, 193
pulmonary edema 117, 

170
pulmonary fibrosis 184
pulmonary mass 17, 212
pulmonary nodules 11
strangulation 81
thoracic mass 52, 93, 98, 

142, 155, 192
thoracic trauma 74, 178, 

179, 202
tracheal cyst 9
tracheal hypoplasia 62
tracheobronchitis 166
upper airway 50

regurgitation (food) 139
renal disease 19
respiratory alkalosis 68
respiratory distress

acetaminophen toxicity 
138

acute respiratory distress 
syndrome 105, 106, 197

airway obstruction 1, 5, 
9, 57, 58, 133

asthma 99
cardiac disease 28, 95, 

117, 149, 174
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respiratory distress
(continued)
pulmonary bulla 134
severe (orthopnea) 1, 104
signs of in dog 1
thoracic trauma 178
tracheal tear 182

respiratory pattern 1, 133
retractor, Balfour 84
rhonchi 198
ribs

fractures 147
periosteal new bone 

formation 155
right atrial pressure 205
right bundle branch block

113, 152
right ventricular enlargement

162, 205
right ventricular pressure

162
rodenticide toxicity 65, 104
rutin 60

saddle thrombus 34
sarcoma 142, 212
seizure activity 112
sick sinus syndrome 204
sildenafil 83, 184
sinus arrest 135, 143
soft palate, entrapment 50
sotalol 87, 91
spinal fracture 202
spironolactone 32, 38, 187
spleen, herniation 98
sputum histology,

blastomycosis 197
sternotomy, median 134, 

213
sternum, luxation 178
strangulation 81
stridor 5, 50
subaortic stenosis 85, 86,

146
subcutaneous emphysema

182
subcutaneous hemorrhage

104
synchronized intermittent

mandatory ventilation 42
syncope 23, 36, 77, 112,

113, 135, 204
differentiation from 

seizure activity 112
see also collapse

systemic inflammatory
response 82

tachycardia
AV reciprocating 49
paroxysmal ventricular 4, 

148
re-entrant
supraventricular 130
sinus 155, 181
ventricular 36, 172

tachypnea 90, 138
taurine 171
terbutaline 96, 100
tetralogy of Fallot 92, 125
theophylline 38, 100
third eyelid, protrusion 93
thoracocentesis 25, 59, 60,

61, 78, 123, 208
thoracoscopy 69, 123
thoracotomy 69
thromboembolism

pulmonary 27, 185
see also arterial 

thromboembolism
thymoma 122, 213
toxicities 104, 138, 143
trachea

displacement 93, 122, 
140, 167, 179

elevation 46, 117
hypoplasia 62
mass 9, 116, 133
tear 182
thickening 82

tracheal collapse 57, 58,
164, 195

tracheal collapse complex 
15

tracheal diameter:thoracic
inlet ratio 62

tracheal ring, prosthetic 58
tracheobronchitis, infectious

166
tracheoscopy 58
tracheostomy tube

placement 215
trauma

bite wounds 178
diaphragmatic hernia 74, 

84
endotracheal tube 

placement 182
penetrating cardiac 

wound 194

trauma (continued)
post-traumatic arrhythmia 

173
thoracic 74, 147, 178, 

202
tricuspid dysplasia 26, 87,

206
tricuspid regurgitation 162

ultrasonography 34, 94
survey 94

upper airway obstruction 1,
9, 50, 57, 58, 116, 133

urethral obstruction 33
uterus, diaphragmatic

herniation 3

vagal maneuvers 87
vascular ring anomaly 139
vehicle trauma 74, 84, 147,

173
vena cava

caudal enlargement 203
cranial compression 52
persistent left cranial 31

ventilation/perfusion (V/Q)
mismatch 68, 102

ventricular escape rhythm
115

ventricular pre-excitation 49,
130

ventricular premature
complexes 4, 115, 143,
205, 207

ventricular septal defect 13,
88, 125, 186, 203

ventricular tachycardia 4,
36, 148, 172

ventricular trigeminy 36
verapamil 49
vertebral heart score 20
vomiting 75, 140, 185, 188

water submersion 66
weight loss 109, 116
‘Westie lung disease’ 184
wheezes 66, 90, 116, 198
Wolff–Parkinson–White 

pre-excitation 130
Wright’s stain 10
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